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WHEN determining the character of vasomotor responses in the 
digits of man, it was observed that it was more easy to obtain these 
responses from the toes than the fingers. This observation was 
considered worthy of further investigation and it is the purpose of this 
paper to describe the methods used and to discuss the results obtained. 


METHOD. 


A series of eight normal subjects were submitted to the following 
investigations: While the subject lay covered with blankets in a quiet 
and draught-free room, continuous volume records of the two large toes 
and of a finger were taken by means of suitable plethysmographs and 
recorded photographically (Bolton, Carmichael and Stiirup, 1936). 
Throughout the observations care was taken to ensure that the toes 
and fingers were at the same level above the heart—usually 5 cm. 
above the level of the sternum. One limb, commonly the left upper 
limb, was immersed and kept gently moving in a tank of water at 44° 
to 45° C. This produced a rise in rectal temperature which was 
recorded every fifteen seconds by means of a thermojunction situated 
> cm. above the anal sphincter; it also produced and sustained a wide- 
spread dilatation of the cutaneous blood-vessels of the digits of the feet 
and hands. During this state of peripheral vasodilatation, different 
stimuli were given, such as multiple and single pin-pricks, touch and 
cold, to various parts of the body; the subjects were also periodically 
requested to take a deep breath. It has been shown that following 


1 Work undertaken on behalf of the Medical Research Council at the Research Unit, 
National Hospital, Queen Square, London, while Dr. Doupe held a Halley-Stewart Research 


Fellowship. 
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such stimuli there is a diminution of digit volume which results from 
vasoconstriction of the peripheral blood-vessels (Uprus, Gaylor, 
Williams and Carmichael, 1935). Other forms of stimuli were given, 
which will be considered in detail in the text. In order to determine 
the behaviour of the digit volume without any known stimuli being 
given, records were obtained during long periods without disturbance. 
Four subjects suffering from a lesion of the cauda equina were similarly 


investigated by these methods. 


RESULTS. 


Normal.—Once a steady state of peripheral vasodilatation had resulted 
from warming the indifferent limb, it was observed that without any 
known stimulus synchronous diminutions in the volume of the large toe 
occurred at frequent intervals. As these changes took place without 
the provocation of any given stimulus, they will be referred to hereafter 
as ‘‘spontaneous.’ When these “spontaneous’’ volume changes 
occurred, it was seldom that any concurrent changes took place in the 
finger. 

A study was made of the changes in digit volume resulting from a 


variety of stimuli. In a large series of stimuli such as single or 


multiple pin-pricks to the arm, it was found that a light stimulus not 
infrequently resulted in a diminution in volume limited to the toes 
only. This, however, could not be produced with any regularity. Other 
stimuli, such as cold, touch, distension of the rectum and testicular 
pressure, gave similar results. To demonstrate these observations 
graphically, the following methods have been used. The amount of 
diminution in volume as seen in the photographic records has been 
measured in centimetres, by measuring the amount of volume changes 
from a diastolic phase of pulse beat before to a diastolic phase at the 
greatest change of volume (fig. 1). If in a record of volume changes 
occurring in a toe and a finger, the amount of vaso-constriction in each 
was measured as above and these amounts were then plotted against 
each other, it was possible to obtain a chart (fig. 2). Utilizing such a 
method of plotting the results it was possible to obtain a chart (figs. 3a 
and 4a) which indicated the amount of diminution in volume of one 
digit compared with that of another following upon a large number of 
stimuli given in the course of one experiment. A study of such a 
chart showed that the volume of the toes frequently diminished without 


that of the finger and when the finger did change in volume that the 
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Fic. 1.--Record of volume of right large toe (R.T.1) and right index finger (R.F.2). 


Arrows point in direction of increase of volume. To first stimulus R.'1.1 has diminished 
14cm. and R.F.2, 2:l1em. To second stimulus R.T.1 has diminished 1:4 cm. and R.F.2, 
Yem. Size of R.T.1 pulse wave, 1°4 cm. and of R.T.2, 2°3 cm. 
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Fic. 2.—Points A and B are plotted from the figures given in fig. 1. The line is given by 
» of size of pulse wave of R.T.1 (1°4 cm.) to size of pulse wave of R.F.2 (2°3 cm.), 
bscissa represents the amount of vasoconstriction in toe; ordinate represents amount of 
usoconstriction in finger. 
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change in the toe volume was generally greater in degree than that 
of the finger. 
It was possible that this difference in volume changes, which have 
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Fic. 3.—Normal. A, Abscissa represents amount of vaso-constriction in the toe 
yrdinate the amount of vasoconstriction in the finger. The line is obtained by the ratio of 
size of pulse wave of right large toe (1:1 cm.) to size of pulse wave of right index finger 
(14 cm.). Each point indicates the amount of vasoconstriction in the toe against that ir 
the finger, resulting from a given stimulus. B, Similar, except that the right large toe is 
plotted against the left large toe 


previously been shown to be the result of vasoconstriction, might be 
explained by the fact that there were more blood-vessels in the toe than 
in the finger. Such a possibility was investigated in two ways. First, 





VASOMOTOR RESPONSES IN THE TOES 


1 


oR ee 


ea 5 
“Right Finger nd* 


a 
g 


2 


¢ 


Right Finger And 


B 


= 
= 
C4 
- 


“Right Finger Ist. 


Fic. 4.—Normal. A, Chart obtained by plotting amount of vasoconstriction in the left 
arge toe against that of right index finger. B, Chart obtained by plotting amount of vaso- 
onstriction of right index finger against that of right thumb. 
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it was determined that there was a close relationship between the vaso- 
constriction in a digit and the size of pulse wave as recorded in the 
records. Thus, if the amount of vasoconstriction in one toe was 
plotted against that in the other toe, the points so obtained were 
found to lie in close relationship to a line given by the ratio of 
the size of pulse wave of the one toe to that of the other (fig. 3B) 
Again, if the amounts of vasoconstriction occurring in the thumb, a 
digit more similar in size to the toe, were plotted against those 
from a finger, a linear relationship was again obtained which was 
closely related to that given by the ratio of size of pulse wave 
of thumb to that of finger (fig. 4B). As there was such a close 
relationship between the amounts of vasoconstriction occurring in the 
large toes of the two feet and again between those of the thumb and 
index finger, it appeared that the greater vasoconstriction in the toe 
was not explicable by a greater number of blood-vessels in the toe 
Now if on the chart obtained by plotting the size of volume changes in 
the toe against those of the finger a line given by the ratio of the size of 
pulse wave in the toe to that of the finger was drawn, the points were 
found to lie in the area on the side of the line favouring the toe 
(figs. 3a and 4A). By this method it was possible to demonstrate that 
in healthy subjects greater changes occurred in the toe volume as 


compared with the finger volume when known stimuli were given, and 


secondly, that the toe frequently altered in volume without a similar 
change in the finger. These results indicate that a greater degree of 
vasoconstriction occurred in the vessels of the toe than in those of the 
finger when a variety of sensory stimuli were given. 
Sympathectomized limb.—In one subject who had the left lumbar 
sympathetic chain removed two years previously for a condition other 
than vascular disease, a similar series of observations was made. It 
was noticed that many ‘‘spontaneous”’’ waves of diminution of toe 
volume occurred in the toe of the non-sympathectomized leg, but 
never in that of the sympathectomized toe. ‘Thus it may be deduced 
that the ‘‘spontaneous’’ waves of diminution in toe volume are 
dependent upon the integrity of the postganglionic fibres; in other 
words, that the “spontaneous” diminution in toe volume is an 
indication of vasoconstriction. Similarly it was found that following 
stimuli a diminution in volume of the normally innervated toe 
occurred, but not in the sympathectomized toe. This is confirmatory 
evidence that the changes in volume following stimuli are the result 


of active vasoconstriction. 
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If from the records obtained from such a subject, a chart be 
plotted as before, it will be found that vasoconstriction occurs more 
readily in the non-sympathectomized toe than in the finger and that if 
the responses in the sympathectomized toe be plotted againt those of the 
healthy toe, the points lie along the base line of the healthy toe, as 
would be expected from the above observations (fig. 54 and B). 
Attempts were then made to find a stimulus which readily gave 


responses limited to the toes. 
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Fic. 5.—Left lumbar sympathectomy. A, Amount of vasoconstriction in right large toe 
tted against that of right index finger. B, Amount of vasoconstriction in right large 
toe plotted against that of left large toe. 








Sensory stimulus. The siteand nature.—The following observations 
were carried out to determine the first point. The degree and site of 
the stimulus were varied and the results compared. For instance, pin- 
prick was used as the stimulus: the degree was varied in two ways, 
either by increasing the weight of the pin or by the number of 
pin-pricks. It was found that if the stimulus was a slight single pin- 
prick, vasoconstriction tended to be greater in the toes than in the 
fingers; on the other hand, a heavy stimulus of multiple heavy pin- 
pricks resulted in a maximal constriction of the vessels of the toes and 
fingers. Secondly, it was observed that with stimuli to the leg, relatively 
greater vasoconstriction occurred in the toes than when similar stimuli 
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were given to the arm. Irrespective of the site of the stimulus it was 
a comparatively rare event that vasoconstriction limited to the toes 
occurred. 

The results of a great variety of stimuli were also investigated, 
including cold to the skin, distension of the rectum, pressure on the 
abdomen or soles of the feet and testicular pressure, but with none of 
these was it possible to obtain responses limited to the toes with any 
regularity, though as reported before, minimal stimuli tended to result 


in greater constriction of the toe blood vessels. 
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Fic. 6.—Normal. Amount of vasoconstriction in right large toe plotted against that of 
right index finger. 


Attempts were then made to alter the circulation in one lower limb 
in four normal subjects. This was carried out by the rapid distension 
of the cuff of a sphygmomanometer placed around the calf of one leg 
and held for a few seconds ; the cuff was blown up to pressures varying 
from 10 to 200 mm. Hg. With the lower ranges of pressure it was 
assumed that a degree of venous engorgement would result while with 
the higher pressures occlusion of the circulation would follow. Follow- 
ing such proceedings, these observations were made. With pressures 
varying between 30 and 80 mm. Hg. it was possible to produce vaso- 
constriction limited to the other toe. Owing to the alteration produced 
by the venous engorgement on the same side, no satisfactory records 
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could be obtained by the plethysmographic methods of the changes in 
the vascular bed due to vasoconstriction of the vessels of the toe on the 
side on which the bag was blown up. In three of the normal subjects 
vasoconstriction limited to the toes was produced with greater ease than 
with all other forms of stimuli. Again, if the cuff, instead of being 
blown up rapidly, was inflated slowly, it was only when a pressure of 
30 to50 mm. Hg. was reached that the vasoconstriction occurred in 
the other toe. This suggested that the critical pressure was in the 
region of 30 to 50 mm. Hg. and it was observed that at this pressure 
evidence of commencement of venous engorgement was most apparent, 
In three subjects, a comparison of the results of the effect of cuff 
pressure in the leg with those from cuff pressure in the arm were made. 
In one subject the cuff pressure in the leg produced many responses 
limited to the other toe, while similar cuff pressure in the arm resulted 
in responses in both toes and the fingers of the other hand (fig. 6). In 
the other two subjects the results which were obtained, though pointing 
in the same direction, were less demonstrative. 

From these observations it appeared that light constriction of the 
leg resulted in greater vasoconstriction in the toes than in the fingers, 
and on many occasions vasoconstriction limited to the toes. As touch 
or local pressure had not so consistently given similar results, it was 
believed that the venous engorgement from the constriction of the bag 
was the cause of the vasoconstriction. 

Other methods of producing venous engorgement were tried, such 
as hanging one leg dependent from the knee, but the movement of the 
leg was in itself found sufficient to produce a vasoconstriction in the 
finger as well as in the toe; it was thus not possible to determine by 
other methods if, in fact, the state of venous engorgement was the best 
stimulus for the production of vasoconstriction limited to the toes. 

Lesions of the cauda equina.—A survey was then made of the 
responses obtained from four subjects suffering from the effects of a 
lesion of the cauda equina. 

In subject A the lesion was in the nature of a fracture dislocation 
of the lumbar spine with a sensory loss over the segments from lumbar 2 
downwards on the left side and from lumbar 3 downwards on the right 
side. Three subjects suffered from tumours localized to the cauda 
region: In B the sensory disturbance was limited to the sacral 
seoments, 2, 3, 4 and 5; in C to lumbar 4 and 5, and sacral 1, 2, 3, 4 
and 5 segments; and in D to lumbar 5 and sacral 1, 2, 3, 4 and 5 


segments. Three of these subjects were not completely bed-ridden. 
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These lesions, being situated within the vertebral canal, had severed 
the lower lumbar and sacral anterior and posterior roots. As the upper 
lumbar and lower dorsal roots were not involved in the lesion, the 
vasomotor preganglionic fibres destined to supply the toes were intact 
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A, Amount of vasoconstriction in right large toe plotted 


Fic. 7.—Cauda equina lesion, 
B, As above for subject A. 


against that in right index finger from Subject C. 


These subjects, therefore, were ideal for studying vasomotor responses 
in a digit deprived of its afferent connections with the spinal cord. 
When these subjects, on more than one occasion, were subjected to the 


procedure outlined at the beginning, it was found that in three (A, C 
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ind D) no “ spontaneous ”’ vasoconstrictions occurred in the toes over 
periods of seventy minutes, eighty minutes and sixty minutes respec- 
tively. During these periods stimuli of varying degree were given at 
intervals, and when the measurements of the resulting vasoconstriction 
n the toe and finger were charted as before, it was found that the points 
lay along the line given by the ratio of pulse wave sizes (figs. 7A 
and B). A study of these charts showed that the vessels of the toes 
constricted neither spontaneously nor more than those of the finger, 
even when minimal stimuli were given. In subject B, who had only 
the lower sacral roots involved by the lesion, the toe vessels were found 
to constrict spontaneously on several occasions and when the responses 
to stimuli were charted, the results pointed to the toe vessels constricting 










better than the finger vessels. 

It appeared, therefore, that when the afferent fibres from the legs 
were cut, no “‘ spontaneous’ responses occurred in the toe vessels, and 
that to stimuli the constriction of the toe vessels was no greater than 
that of the finger vessels. As the subject with involvement of the 
sacral roots alone did not show this, it was deduced that the afferent 
‘spontaneous’”’ toe 
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fibres most concerned with the production of 
vasoconstriction were those of the lower lumbar and first sacral roots. 
These observations further suggested that the afferent impulses arising 


in the leg influence the vasomotor responses of the toe vessels. 








DISCUSSION. 






From the results obtained and recorded it is apparent that the 
blood-vessels of the toes in a normal subject are more susceptible to 
constrictor influences than the vessels of the fingers, and as a result 
constrict more readily than those of the fingers. As in the subjects 
with a lesion of the cauda equina “‘ spontaneous ”’ constriction of the toe 
vessels did not occur it is probable, therefore, that the “ spontaneous ” 
vasoconstrictions result from afferent impulses from the legs. Again, 
in the absence of afferent impulses from the legs, the blood-vessels of 
the toes no longer constrict more readily than those of the finger. This 
observation suggests that in the normal there is a constant bombard- 
ment from the legs of reflex centres within the central nervous system 
lealing with vasoconstriction of the toes and that when an added 
mpulse is sent in, these centres respond more readily than those con- 
trolling the vessels of the fingers. As the blood-vessels of the toes 
ippeared to be fully dilated by the procedure of warming the body, 
is probable that the constant bombardment by impulses from the 
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legs, as postulated, is insufficient by itself to produce a degree of 
vasoconstriction. 

Regarding the nature of the stimulus which provokes the “ spon 
taneous ’’ constriction of the toe vessels, the observations dealing with 
venous engorgement appear pertinent, for the engorgement of the 
venous bed of one leg frequently produced vasoconstriction limited t 
the other leg. It has not been possible to determine if the stimulus 
arises from the veins, surrounding tissues, or capillaries. Other stimuli 
may also produce this phenomenon, but, whatever their nature, the) 
apparently arise from the legs, as no ‘‘ spontaneous”’ constriction 
occurred when the legs were insensitive. This local effect of venous 
engorgement of the legs may play a part in the regulation of the 


circulation on adopting the erect posture. 


SUMMARY. 

Kividence has been produced to show that in a normal subject the 
toe vessels constrict following a stimulus more readily than the finge: 
vessels ; that this state of the toe vessels results from afferent impulses 
from the legs and that these afferent impulses alone are insufficient to 


produce constriction of the toe vessels. 


It is a pleasure to record our thanks to the Honorary Staff of the 
National Hospital for kindly permitting the study of patients admitted 


under their care. 
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DURAL SINUS THROMBOSIS IN EARLY LIFE: RECOVERY 
FROM ACUTE THROMBOSIS OF THE SUPERIOR 
LONGITUDINAL SINUS AND ITS RELATION TO 
CERTAIN ACQUIRED CEREBRAL LESIONS IN 
CHILDHOOD.! 


BY ORVILLE T. BAILEY AND GEORGE M. HASS. 


THE present study is devoted to a description of three cases which 
survived acute attacks of thrombosis of the superior longitudinal sinus 
ind to an evaluation of the anatomical lesions in relation to certain 
icquired types of cerebral degeneration and deficiency in childhood. 

The frequent occurrence of recovery from thrombosis of one or both 
lateral sinuses has long been recognized. [xperience with lateral sinus 
thrombosis secondary to mastoiditis has shown clearly that many patients 
recover, although surgical approach to the sinus is not attempted. 
Thrombosis of the superior longitudinal sinus is usually considered to 
be an invariably fatal process in itself, or as an incident in the terminal 
stages of various diseases, but Byers and Hass [2] have shown that the 
cerebral lesions often are not sufficiently severe to cause death. 

Although it seems to these authors that certain patients with sinus 
thrombosis and consequent cerebral injury might recover, they had no 
definite pathological proof. Since their report, a careful search of the 
dural sinuses has been made in every patient with a cerebral defect 
detected at necropsy, and we have been able to find three patients with 
organized thrombi in the dural sinuses. In studying the histories of 
these patients it was found that each had developed normally to the 
time of an acute illness. In two instances the illness was accompanied 


by neurological symptoms; in one it was withont such manifestations. 


The illness was followed in each instance by progressive mental 
leterioration. At necropsy organized and canalized thrombi were found 
in the superior longitudinal sinus. All patients showed different forms 
of cerebral injury. The lesions, in our opinion, could be regarded as 


! From the Department of Pathology of the Harvard Medical School and the Laboratories 
f Pathology of the Children’s and Infants’ Hospitals and the Peter Bent Brigham Hospital, 


ston, Mass. 
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a result of attempted repair of pathological changes known to be 


associated with thrombosis of the superior longitudinal sinus. The 


detailed reports follow :— 


Case 1.—The patient, R. 8., was a 6-year-old boy who came to the hospital 
because of difficulty in breathing and swelling of the legs. One month before 
an upper respiratory infection. Cardiac 


admission the patient developed 
On admission 


failure set in rapidly, and admission to hospital was advised. 


there were typical physical signs of mitral stenosis. The patient was bright 


active and co-operative. There were no abnormal neurological findings. He 


was discharged six weeks after admission in fairly good condition. Three and 
a half months later the patient developed an acute bronchitis which was 


followed by right otitis media. Streptococcus hemolyticus was cultured fron 
' 


the throat. One week before the second admission the temperature rose to 


101° F., with reappearance of sore throat. On the day before admission 


examination showed that all tendon reflexes were diminished, while the 


cremasteric responses were active. Kernigs and Babinski’s signs were not 


elicited. The pupils were normal. There was definite papillaedema. 
Roentgenograms showed evidence of increased intracranial pressure. Lumbar 
puncture yielded clear fluid containing ten red blood-cells and four white blood 
On the day of readmission, the 


+ 


cells perc.mm. Pandy’s test was negative 
The child was dull and apathetic. The right pupil 


temperature was 102° F 
both reacted sluggishly to light. There was marked 


was smaller than the left ; 
bilateral papilledema. All tendon reflexes were diminished. Babinski’s sign 
could not be elicited. 
obtained by lumbar puncture was clear 

The globulin test was negative; the sugar was 60 mg. per cent.; the 
Microscopical examination showed 200 red 


There was marked rigidity of the neck. Spinal fluid 


The pressure was 230 to 250 mm. o 


water. 
total protein 30 mg. per cent 
blood-cells and 30 white blood-cells per ¢.mm 
For several days the patient continued to have marked 


Cultures of the cerebrospinal 


Huid were sterile 
evidence of meningeal irritation and increased intracranial pressure. Increas 


ing dilatation of the veins of the scalp was noted on the right. Xanthochromic 


Huid was obtained from the subarachnoid space, while both ventricular and 


lumbar fluids were clear Five days after admission the margin of the left 


optic dise was completely obliterated, while there were two diopters of choking 


of the right dise. The boy became so irritable that it was difficult to estimate 


his mental reactions, but the impression was gained that there was a progres 


sive impairment of intelligence. No localizing signs of neurological disturbance 


developed. The papilleedema receded during the following month, but it nevé 


wholly disappeared 
changed, but the physical condition became progressively worse. Intractable 


The neurological and mental conditions remained un 


cedema developed and death occurred suddenly five months after onset of the 


icute pharyngitis and otitis media. 
Autopsy.—There was no evidence of subacute bacterial endocarditis, and 


culture of blood from the heart showed no growth. 
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The brain weighed 1236 grams (normal weight at this age, 1275 grams) [3]. 
There was a large amount of yellowish gelatinous fluid in the subarachnoid 
space over the entire convexity of the brain. On exploration of the venous 
sinuses, an adherent thrombus was found in the superior longitudinal sinus, 
which extended along its middle and posterior thirds. Similar adherent 
thrombi were found in the torcular Herophili and the right lateral sinus as far 
is the region of the right sigmoid sinus. At no point could complete occlusion 
of any of the sinuses be demonstrated. The thrombi were greyish-white in 
colour and were so fused with the sinus wall that they could not be pulled 
vway. The openings of the middle and posterior group of right superior 
erebral veins were obstructed by the thrombus in the longitudinal sinus, but 
ipparently there had been no extension of the thrombus into these vessels. 
The tympanic antra and the mastoid air cells were free from exudate and 
ecrosis of bone. The tympanic membranes were intact. The meninges of 

e spinal cord were not unusual. Transverse sections revealed no evidence 
yf softening or gliosis of the spinal cord. 

\fter fixation in formalin the brain was cut in coronal sections at 10 mm. 
ntervals. There was one small zone (4 by 5 mm.) in which the grey matter 
f the cerebral cortex was replaced by soft brown material; this was located 
2 em. lateral to the superior longitudinal sinus in the posterior portion of the 
right superior frontal gyrus. No other areas of softening or hemorrhage were 

encountered. The lateral ventricles, while symmetrical, were moderately 
lilated. The subependymal vessels were unusually prominent. There was 
occlusion of the aqueduct of Sylvius or of the foramina of Munro. 

Wicroscopical examination.—Sections from the superior longitudinal and 
sht lateral sinuses showed organized and canalized thrombi which occupied 
ibout one-half the lumen of each sinus. Thus, there was a continuous patent 
venous channel of reduced size. The surface of the thrombi adjacent to the 
lumen was covered by a single layer of flattened endothelial cells. Beneath 
hese, there was a large amount of fibrous tissue made up of irregularly placed 
tibroblasts separated by parallel bands of refractile collagen fibres. Near the 

sinus wall the connective tissue was looser in texture and pierced with 

imerous loose-meshed blood-containing spaces. In this region many 
phagocytes containing hwmosiderin were found. Nearer the sinus wall there 
were occasional capillaries with well-developed endothelium and refractile 
isement membranes. No evidence of recent thrombosis was found. The 
walls of both the superior longitudinal sinus and the right lateral sinus, except 
n the region of the thrombi, were normal in structure. A very small number 


phagocytic cells containing hwmosiderin were found from place to place 


nong the connective tissue fibres of the adjacent dura. 

The area of discoloration in the right superior frontal gyrus proved to be a 
ne of old hemorrhage and softening. The central portion contained no 
xvmal tissue, but was occupied by loosely arranged compound granular 
rpuscles, some of them containing clear vacuoles and others filled with 
emosiderin. Numerous small capillaries extended into this region from the 
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leptomeninges, and occasionally delicate strands of collagen accompanied them. 
About the edges of the lesion there were numerous astrocytes, some of them 
of the giant and binucleate types. Compound granular corpuscles were present, 
but were less numerous at the margins than they were at the centre of the 
lesion. Adjacent to the zone of astrocytosis there was normal cortical tissue. 
The leptomeninges over the lesion were increased in vascularity and there 
were cells in the subarachnoid space containing hemosiderin. In nearly all 
sections the leptomeningeal vessels were dilated and surrounded by a few 
hemosiderin-laden phagocytes. The brain was otherwise normal. 


Comment.—This patient presents an interesting problem in diagnosis. 
Any diagnosis ‘must account for: First, an increase in intracranial 
tension and stiffness of the neck in a patient with severe rheumatic 
heart disease, acute pharyngitis and otitis media; secondly, th 
development over a period of five months of mental deterioration with- 
out localizing neurological signs; thirdly dilatation of scalp veins and 
persistence of an increased intracranial tension ; fourthly, evidence of 
hemorrhage into the subarachnoid space; and finally the absence of 
demonstrable infection of the meninges. 

At necropsy there were three significant findings: First, a mural 
thrombus inthe right auricle of the heart; secondly, a small area of old 
hemorrhage and softening in the cortex of the right superior frontal 
gyrus and organizing hemorrhages in the overlying and adjacent pia- 
arachnoid; thirdly, an organized and canalized thrombus partially 
obstructing the right lateral ainus, the torcular Herophili and the 
posterior two-thirds of the superior longitudinal sinus. 

It is possible that the area of softening and hemorrhage in the 
cerebral cortex is an organizing infarct secondary to an embolus from a 
thrombus in the heart. Although no thrombi were found at necropsy 
in the left auricle or left ventricle of the heart, they may have been 
present at one time. This possibility is favoured by the fact that 
thrombi were found in the right auricle. If it is assumed that a 
cerebral infarct was the primary lesion, it is conceivable that thrombi 
originating in the zone of necrosis may have extended into the superior 
longitudinal sinus and initiated an extensive thrombosis of the dural 
sinuses. 

An entirely different interpretation may be made, if the right otitis 
media is considered to be the primary lesion. This interpretation 
depends upon a well-recognized sequence, namely, otitis media (with or 
without mastoiditis), lateral sinus thrombosis, retrograde propagation of 
the thrombus into the superior longitudinal sinus and obstruction of the 
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tributary cerebral veins in such a way as to produce hemorrhages and 
necrosis in the brain. We believe that the clinical and pathological data 
may be explained best by this interpretation. 

Whatever interpretation is placed on this case as a whole, it 
serves to emphasize that thrombosis of the superior longitudinal sinus 
is not necessarily a fatal lesion in itself. 


Case 2.—N.D. was a female child, 10 months old at the time of death. 
She was born at full term after a labour of eight hours’ duration, the first of 
twins. The patient appeared mentally brighter than her twin brother. At 
the age of one month both developed diarrhoea and were admitted to the 
Boston City Hospital. Examination showed poor muscular tone, emaciation 
and dehydration. Vomiting of projectile type occurred several times a day. 
Diarrhcea was persistent. No convulsions or other neurological manifestations 
were noted. Lumbar puncture was not performed. The temperature was 
103° F., but gradually fell to normal after two weeks. From this time forth 
the infant failed to develop mentally. At the time of discharge from the 
hospital at 4 months of age, her weight was 5 lb. She played only with her 
hands and her attention could not be attracted by toys. She was nervous and 
irritable. There were no paralyses and sensation seemed normal. At 6 months 
f age the infant had her first convulsion. This was generalized and lasted 
bout ten minutes. The patient had five similar convulsions during the next 
two weeks. 

She was admitted to this hospital at the age of 7 months. The weight 
was 8 lb. 8 oz. The circumference of the head was 174 in., of the chest 
134 in. and of the abdomen 13in. Examination showed an underdeveloped and 


Le 


poorly nourished infant. There were numerous dilated blood-vessels in the 
The cranium was strikingly enlarged. The anterior fontanelle measured 


scalp. 
t by 3 em.; the posterior fontanelle was closed. In the optic fundi there was 
in excessive number of vessels, the veins were tortuous and engorged, there 
were scattered haemorrhages, and the optic discs presented marked papilla:dema. 
Examination of the heart, lungs, and abdomen revealed no abnormalities. 
There was no spina bifida. The corneal reflexes were active. The biceps 
reflexes were normal, but other tendon reflexes could not be obtained. The 
hemoglobin was 65 per cent., the red blood-cells 2,750,000 per c.mm. with 
1ormal white blood-cell and differential counts. On admission fluid obtained 
by lumbar puncture was clear; it contained a faint trace of globulin and 
ormal sugar content. Microscopical examination revealed 620 cells, 12 of 
whieh were white blood-cells, the remainder red blood-cells. Puncture of the 
subdural (or the subarachnoid) space on both sides yielded grossly bloody fluid 
with strongly positive globulin reaction and normal sugar. Microscopical 
examination showed 4,800 cells per c.mm., most of which were red blood-cells. 
The ventricular fluid was bloody. The globulin reaction was strongly positive, 
1e sugar content normal. There was no xanthochromia after centrifuging. 
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Cultures of all the fluids were negative. Roentgenograms of the skull showed 
The patient was considered to have bilateral 
intracranial hematomata. These were tapped alternately every one or two 
days, each being drained four times. The fluid contained 179,000 to 455,000 
cells per c.mm., mostly red blood-cells with white blood-cells in the usual 
proportions found in the circulating blood. After centrifuging the fluid was 
Cultures in all instances yielded no growth. After 


wide separation of sutures. 


deeply xanthochromic. 
injection of air following tap of the right intracranial hematoma, roentgeno 
grams showed a large accumulation of air over the surface of the right cerebral 


Case 2. Ventriculo-encephalograms showing dilatation of the lateral ventricles. 
There is a large amount of air over the cerebral cortex. 


hemisphere which was evidently considerably collapsed. There was no air in 


the ventricles. Re-examination following injection of air in the left intra- 
cranial hematoma showed a large amount of air over the cortex, which was 


collapsed to the same extent as that seen previously on the right. After five 


weeks the patient was discharged in an improved condition. 
She did well at home for three weeks. Then one evening she vomited 
her mother noted that the anterior fontanelle which had 


several times, and 
She had a tonic convulsion lasting ten minutes. The 


been flat was bulging. 
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patient was brought again to the hospital. Examination showed an under- 
developed and malnourished child with slow, quiet respirations. The anterior 
fontanelle measured 4 by 3 cm. and was very tense. There were prominent 
scalp veins. The pupils were equal, regular, and reacted normally to light. 
On ophthalmoscopic examination the fundus of the right eye showed 
venous congestion and slight papilledema. The left fundus was normal. 
Examination of the heart, lungs and abdomen revealed nothing unusual. The 
biceps reflexes and the knee-jerks were equal and slightly overactive. There 
was no ankle clonus. The Kernig and Brudzinski signs were not elicited. 
There was no rigidity of the neck. Intracranial taps on each side yielded 
75,000 to 100,000 red blood-cells per c.mm. with white blood-cells in proportions 
found in the circulating blood. Theintracranial tap was repeated on the right 
side after two days. The increased intracranial pressure subsided and the 
child did fairly well for four weeks. A series of studies were then done to 
determine the advisability of surgical removal of the hematomas. Ventriculo- 
encephalograms showed marked dilatation of both the lateral and of the third 
ventricles (fig. 1). The right lateral ventricle was somewhat larger than the 
left. There was much air in the subarachnoid space over the cortex on both 
sides. The patient responded to persons and reached for coloured tubes with 
each hand, but did not react to tiny objects. Play with larger objects was 
confined to simple grasping. The child was estimated to be five to six months 
n mental age. The head had increased one-half inch in circumference in a 
month. Exploratory operation was performed five weeks after her second 
admission to the hospital. A large membrane was found covering the right 
parietal cortex. This was removed. The patient died of shock on the 
operating table. 

Surgical specimen.—This consisted of a portion of pale pink membrane 
measuring 5°5 by 4°5 em. Histologically it was made up of proliferating fibro- 
blasts rather widely separated from one another. There were numerous 
dilated capillaries among the fibroblasts. Hzmosiderin-containing phagocytes 
were found from place to place. 

Post-mortem findings.—A culture of the blood from the heart gave no 
srowth. Abnormal findings were confined to the brain and dural sinuses. 
The brain weighed 735 grm. (normal weight of the brain at this age is 
750 grm.) [3]. A membrane was found over the left parietal cortex which 
was pinkish-grey in colour and applied closely to the dura. It contained 
xanthochromic fluid. As the brain was removed the membrane was found to 
cover not only the superior surface of the hemisphere, but to ensheath almost 
the whole brain except in the posterior fossa and in the right parietal region 
where it had been removed surgically. The leptomeninges were thickened and 
contained numerous tortuous vessels, most conspicuous over the left parietal 
lobe. There was a normal amount of xanthochromic cerebrospinal fluid. The 
brain was symmetrical and normal in consistency. There were no recent 
hemorrhages over its surface. Examination of the venous sinuses of the dura 
showed them all normal except the superior longitudinal sinus. In the middle 
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third of this sinus there was a firm, greyish-white, fibrous thrombus which 
occupied the entire lumen. The middle ears and mastoid cells were free from 
A portion of the spinal cord removed from the thoracic region was 
After fixation in formalin the brain was cut in coronal sections at 
The grey and white matter were demarcated clearly from 


exudate. 
normal. 
10 mm. intervals. 
each other. The gyri of each parietal lobe were rather small and appeared 
slightly shrunken, though without striking distortions. There was moderate 
dilatation of both lateral ventricles. 

Microscopical examination.—The superior longitudinal sinus contained an 
organized and canalized thrombus which completely occluded the sinus at 
some points, while in others there was an endothelial-lined space approxi- 
mately one-tenth the size of the lumen of a normal sinus. This represented 


Case 2. An irregular plexus of newly formed vessels over the arachnoid of 
the right parietal cortex. Hzmatoxylin and eosin, x 75. 


either a very large canalizing space, or more probably a persistence of the 
The thrombus was composed of strands of collagen arranged 


original lumen. 
in roughly parallel bands, between which were a moderate number of connective 
tissue cells of adult type. Among these fibres were numerous large capillaries 
of irregular contour which were lined by a single row of flattened endothelial 
cells. A few mononuclear cells and lymphocytes were seen in the thrombus 
Here also numerous phagocytic cells were found filled with hemosiderin 
granules. 

There was an increased number of veins in the leptomeninges, some ol 
which could be followed for long distances into sulci along with the pia mater. 
All of the vessels were distended with red blood-cells. No fibrinous or 
organized thrombi were found in any of these vessels. In a section of the left 


parietal cortex, a complex cluster of vascular channels was found over the 
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surface of the arachnoid (fig. 2). Most of the vessels presented narrow layers 
of smooth muscle about their flattened endothelium. None contained elastic 
tissue. Among these larger vessels were smaller ones with a single layer of 
endothelium surrounded by a connective tissue basement membrane. Between 
the vascular channels delicate strands of connective tissue were found. Sections 
of various portions of the brain showed no areas of necrosis, softening or 


gliosis. 


Comment.—A patient with such a history and clinical course is 
isually considered as an example of certain sequele of birth trauma, 
but this particular case merits further analysis. It is clear that this 
patient was in better physical and mental condition than her twin 
brother at 1 month of age, though neither had gained much weight. 
Then the patient and her twin brother had acute nutritional disturb- 
unces. The brother recovered and developed normally thereafter. The 
patient recovered from the acute illness which lasted for two weeks, but 
from this time on she was greatly retarded in her mental as well as in 
her physical development. There were no convulsions or other prominent 
neurological manifestations until the patient was 6 months of age. At 
7 months of age she had an enlarged cranium, evidence of increased 
ntracranial pressure, and dilated scalp and retinal vessels. Cerebro- 
spinal fluid from various sources contained blood. She failed to respond 
to treatment and died after operation for removal of an intracranial 
hematoma. 

The important pathological findings were an organized thrombus 
which occluded the middle one-third of the superior longitudinal sinus, 
an increased vascularity of the leptomeninges and hemorrhages into the 
leptomeninges and the subdural space. 

As in the previous instance (Case 1), we can establish no absolute 
interdependence of the organized thrombus in the superior longitudinal 
sinus and the intracranial hemorrhages. That birth injury was the 
cause of the hemorrhages seems improbable. Other causes of 
intracranial hemorrhage, except thrombosis of the superior longitudinal 
sinus, can be dismissed as very improbable in this particular instance. 
We believe from our studies of acute sinus thrombosis [{1, 2] that the 
hemorrhages were secondary to thrombosis of the superior longitudinal 
sinus. The probable sequence was: The patient had a period of normal 
postnatal development, but during the course of an acute nutritional 
disturbance a thrombus formed in the middle one-third of the superior 
longitudinal sinus. The patient survived the acute illness but the 
thrombus partially obstructed the middle superior cerebral veins. As 
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a result of the venous obstruction there was hemorrhage into the 
meninges and the subdural space. Symptoms of retardation of mental 





development immediately followed recovery from the acute nutritional 





disturbance. The subdural hematomas gradually enlarged in the 
manner described by Zollinger and Gross [4]. At six months of age, 





five months after the onset of the acute illness and appearance of 





symptoms of mental retardation, convulsions developed. There is 
nothing in the clinical history or the pathological findings which is not 


in conformity with this interpretation. 












Case 3.—The patient, R. D., was a white male infant, 35 months of age ai 
the time of death. He was the first child of young, healthy parents. Birth 
occurred in another hospital at full term. Delivery was spontaneous after a 
labour of twelve hours’ duration. The birth weight was 7 lb. 4 0z. The 
child appeared normal in every way at the time of birth. He was followed 








closely by the family physician, who considered the patient to be developing 





entirely normally until 4 weeks of age, when for a few days he had diarrhoea 





the stools containing mucus but no blood. Then at 7 o’clock one morning the 





patient was noted to become flaccid suddenly, as if dead, and shortly afterwards 





had a convulsion lasting twenty minutes. This was characterized by tremoi 





of the hands and legs with hyperextension of the back and head. There were 





three similar seizures within a few hours. The temperature was 105 F. The 





patient was sent to another hospital. The entire body was cyanotic and the 





lower extremities were held rigidly. There was a tremor of the hands. Neck 





rigidity was not present. The pupils were equal. Another convulsion 





occurred soon after arrival at the hospital, but during the next week no further 
seizures occurred. The diarrhoea persisted and the temperature ranged between 
103° F and 105° F. The baby’s legs were held rigidly. Lumbar puncture was 
The infant's condition gradually improved and he was sent 







not performed. 





home afebrile after a week's stay 
Shortly after return home he had one to three short seizures a day, eac 






consisting of flexion of the thighs on the abdomen and holding the breath with 





resultant cyanosis. The patient became extremely restless and slept very 
little. He was aroused by slight stimuli and cried a great deal. Despite this 
the patient regained most of the weight lost during his acute illness. Because 






of the continued convulsions and irritability, the patient was brought to this 
hospital at 2 months of age. At that time the height was 24in., the head 
164 in. in circumference, the chest 17 in., the abdomen 144 in. He was well 
There was marked hypertonia and the patient often 






developed and nourished. 
seemed startled without any definite external stimulus. He resisted all 






attempts to extend the arms and legs, which were held so rigidly as to permit 
support of his own weight. There was spontaneous nystagmus. Questionable 
tache cérébrale was observed. The anterior fontanelle measured 4 < 4°35 cm. 
the posterior 0°2 X 0-2 cm. Neither was bulging. The pupils were equal 
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und regular and reacted normally to light. The chest, abdomen and genitalia 
revealed no abnormalities. The knee-jerks, ankle-jerks and triceps and 
biceps reflexes were over active. The rigidity of the legs interfered with 
testing for Kernig’s sign; there was no stiffness of the neck. Agglutination 
tests on the blood for enteric organisms were negative. The spinal fluid at 
first was clear, but after a few c.c. had been withdrawn it became distinctly 
xanthochromic. The first portion contained 83 red blood-ceils, the second 
380 red blood-cells per c.mm. Three subsequent lumbar punctures revealed 
similar findings. Encephalograms showed dilated, rounded, symmetrical 


Case 3. Ventriculo-encephalograms, showing dilated lateral ventricles. 


ventricles with a large amount of air over the cortex of both hemispheres, and 
loss of convolutional markings (fig. 3). The patient was discharged after 
seventeen days unimproved. 
Ten days later he was readmitted to hospital. During the first portion of 
the interval the infant did fairly well, but had occasional twitchings from time 
» time. Three days before entry he began to vomit after each feeding and 
had frequent green watery stools, increasing to ten on the day before admission. 
On entry the anterior fontanelle was greatly sunken, the temperature was 
100° F. and the patient was pale and irritable. As on the previous admission 
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there was generalized muscular hypertonicity. The pupils were normal. The 
optic discs showed physiological cupping. There was right otitis media. The 
course was progressively downhill. Death occurred at 34 months of age, eleven 
days after readmission to the hospital and two and a half months after the 


onset of the acute illness. 

Post-mortem findings.—The brain weighed 208 grm. (normal weight at 
this age 528 grm.) |3)}. When the calvarium was removed about 75 c.c. of 
xanthochromic fluid escaped. The falx and tentorium were intact. There were 


Fic. 4.—Case 3. Superior surface of the brain. Note the numerous cord-like cerebral 
veins, some of which contain organized thrombi. The convolutions are shrunken but conform 
in general to the normal pattern. 


numerous tenuous fibrous adhesions between the dura and arachnoid. In some 
areas there were pockets of xanthrochromic fluid among these intermeningeal 
adhesions. The arachnoid was opaque in many areas and greyish brown in 
colour throughout. The brain was roughly symmetrical and moderately firm 
in consistency. The convolutions of the cerebral hemispheres adjacent to the 
falx were more shrunken than elsewhere. Over most of the convexity of the 
brain the convolutions were small and irregular in outline, but their general 
pattern was normal in miniature (fig. 4). The convolutions at the base of the 
brain were normal in arrangement and size (fig. 5). The shrunken appearance 





DURAL SINUS THROMBOSIS IN EARLY LIFE 


Fia. 5.—Case 3. Inferior surface of the brain. Note the well-developed basilar 
convolutions and the normal architecture of the cerebellum and brain-stem. 


Fic. 6.—Case 3. The superior longitudinal sinus is occluded by an organized and 
canalized thrombus. The coarse fibres of the sinus wall are seen about the thrombus. The 
dark areas are phagocytes containing large amounts of hemosiderin. Hematoxylin and 
eosin, x 75. 





306 ORIGINAL ARTICLES AND CLINICAL CASES 


of the convolutions was most marked in the occipital and parietal iobes. The 
most anterior convolutions of the frontal lobe escaped entirely and the contow 
and consistence of the pons, medulla and cerebellum was unaltered. Th: 
arteries of the basilar region and of the cirele of Willis were normal i: 
arrangement, and contained no thrombi or emboli. The superior longitudinal 
sinus was completely occluded in its anterior half by a firm, white thrombus 
and no lumen could be demonstrated in this portion (fig. 6). All other dural 
sinuses were normal and contained fluid blood and post-mortem clots. There 
was a small amount of yellow exudate in each middle ear from whic! 
Staphylococcus aureus was cultured. 

\fter fixation in formalin the total length of each cerebral hemisphere was 
10-5 em., the greatest height 7°5 em., and the greatest width 2°5 em. The 
occipital lobes measured 3 cm. in antero-posterior diameter. Many gyri ove 
the convexity of each cerebral hemisphere were small and shrunken, but 
normal in arrangement. Along the shallow sulci there were numerous large 
blood-vessels. The parietal lobe occupied about 4 cm. of the length of the 
brain and averaged 4 em. in height. The precentral and postcentral gyri 
averaged 0°5 cm. in width. The central sulcus was very shallow. The other 


parietal gyri were shrunken to a somewhat less extent. Over this region ther 


were numerous wide vessels, close together, running along the shallow sule 
The frontal lobes each were 4-5 cm. in greatest antero-posterior diamete 
Their gyri were somewhat irregular in outline, but in the most anterior portio1 
of the lobes were developed normally. The meningeal vessels were less 
The gyri at the base of the brain were approximately normal 
The supracallosal gyrus was shrunken and covered 


numerous here. 
in size and arrangement. 
by numerous prominent vessels. The hippocampus was not unusual. 

On section the grey matter was distinct from the white in some areas, but 
the distortion of gyri in most places was extreme. In some gyri there was 
. band of grey matter under the pia; in others there were numerous honey 
combed areas often occupying almost an entire gyrus. These cystic zones 
were usually separated from the pia by a narrow line of grey matter (fig. 7 
These areas were numerous in the gyri of the convex and medial surfaces of 
each cerebral hemisphere, but were not found in those of the inferior surface 
One was present in the island of Reil. They varied from 0°2 to 0:5em. in 
diameter. Beneath these there were greyish irregular zones in the white 
matter distorting the usual markings of the fibre tracts. The lateral ventricles 
were moderately dilated, the right being slightly smaller than the left. The 
caudate nuclei were well formed. The thalami were shrunken, but presented 
the usual landmarks. The 3rd ventricle measured 1 cm. in breadth and 
1*5 cm. in supero-inferior diameter. The ependyma was glistening and free 
from exudate and hemorrhage, though occasionally it had a pitted appearance. 
Beneath it numerous prominent blood-vessels were visible. There was no 
evidence of occlusion of the ventricular system. The aqueduct and 
4th ventricle were not dilated and their ependymal surfaces were normal. 
The pons and medulla presented their usual markings. The cerebellar folia 
were well developed and free from distortion, hemorrhage and softening. 





DURAL SINUS THROMBOSIS IN EARLY LIFE 307 


Microscopical examination.—Sections from the superior longitudinal sinus 


showed it to be entirely occluded throughout the anterior one-half of its course 


by an organized and canalized thrombus (fig. 6). The thrombus was made up 


yf loosely arranged collagen fibres among which were fibroblasts of adult type. 
Among the collagen fibres were many phagocytic cells filled with hzmosiderin 
and numerous small vascular channels lined by a single layer of endothelium. 
While most of the channels 


None presented smooth muscle in their walls. 
Since 


were small, two of them were considerably larger than the others. 


Fic. 7.—Case 3. Low power photomicrograph of several parietal gyri. The block has 
been chosen to give true cross sections of the gyri. There is a convolution which is normal 
in general shape at the bottom. It contains only a small lesion. The other convolutions 
show various degrees of destruction with partial repair. Note the increase in vascularity of 


the leptomeninges. Weigert’s method for myelin sheaths, 11. 


ieither of these was adjacent to the sinus wall they were interpreted as large, 
1ewly formed vessels rather than as the persistent original lumen of the 


of inflammatory reaction or of recent 


sinus. There was no evidence 
to the sinus wall contained scattered 


thrombosis. The dura adjacent 
phagocytes filled with hemosiderin. 
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The leptomeninges in all portions presented an increase of the connective 
tissue, and occasional lymphocytes and mononuclear cells, and phagocytic cells 
filled with hemosiderin were found in the regions of fibrosis. The blood 
vessels were increased in number and in size. The newly formed vessels wer 


in some instances large with smooth muscle in their walls, but were more 
often composed of a single layer of endothelium backed up by connective tissue. 
These large, dilated vessels were found in all portions of the pia-arachnoid ove 


Fic. 8.—Case 3. There is a marked increase in vascularity of the meninges. The normal 
cerebral tissue is lacking and there is evidence of repair. The black dots in the grey matter 
near the bottom of the illustration are small areas of calcification. Hematoxylin and 


eosin, x 32. 


the convexities of the cerebral hemispheres, but were especially prominent in 
the sulci. In afew places organized and canalized thrombi were demonstrable 
microscopically in the superior cerebral veins even at some distance from the 
superior longitudinal sinus. These resembled in general structure the thrombus 
in the dural sinus already described. There were no fibrinous thrombi. The 
vascularity of the meninges over the cerebellum was very little altered from 


the normal. 
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The cerebral cortex presented various pictures in different parts (fig. 7). 
In some regions, normal gyri could be found with the architectural layers 
intact and the nerve cells free from degeneration. In others, there were changes 
of varying extent. At times, connections between the lesions and the sub- 
irachnoid space could be identified. The lesions usually involved the third 
to the sixth layers of the cerebral cortex, but the alterations extended of some 
degree into the white matter, The lesions consisted in necrosis of normal 
tissue and a late stage in its repair. The cystic spaces seen by the naked eye 
corresponded to areas where normal tissue elements were lacking, but in which 


3. Organization of an area of necrosis by bloeod-vessels, in part derived 


Fic. 9.—Case 3. 
from the leptomeninges, which are much increased in vascularity. Laidlaw’s method for 


nuective tissue, x 75. 


the zone was occupied by compound granular corpuscles filled with vacuoles 
Weigert’s method for myelin. 


containing material staining faint blue with 
There were a few newly formed blood-vessels in these regions. In the areas 
where such lesions communicated with the subarachnoid space, newly formed 
blood-vessels were very numerous and were accompanied by collagen fibres. 

In other areas normal tissue elements were lacking, and were replaced by 
istrocytes with compound granular corpuscles among their processes. Still 
farther out there were areas made up wholly of astrocytes, which gradually 


liminished towards zones of normal cerebral tissue. In places these lesions 


‘cupied an entire gyrus, which then appeared shrunken, in other places only 
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part of a gyrus was involved, and certain gyri escaped entirely. Weigert’s 
myelin sheath stain showed the white matter to be fairly well myelinated for 
a patient aged 34 months. In the normal gyri there was the usual arrange 
ment of myelinated fibres, while in the degenerated gyri myelin sheaths were 
not seen. The basal ganglia were poorly defined owing to a large amount of 
astrocytic proliferation. The subependymal glia was increased in amount. 
There were no changes in the ependymal cells themselves. Sections of the 
pons and medulla showed nothing unusual. There were no areas of degenera- 
tion in the cerebellum, but two or three rows of cells were found beneath the 
pia as remnants of the external granular layer. The fibrillary and internal 
granular layers were well developed. The Purkinje cells were free from 
degeneration. The fibre tracts of the spinal cord were normally myelinated. 
Comment.—There were certain pertinent details in the history of 
this patient. The infant developed normaily during the first month of 
his life. Then during the course of an acute nutritional disturbance, 
characterized chiefly by a diarrhoea, there was a sudden onset of severe 
convulsive seizures. Although the patient recovered from the acute 
illness, the convulsions persisted. Within a short time other nervous 
manifestations such as irritability, hypertonicity of the extremities and 


over active tendon reflexes became prominent. An examination of the 
spinal fluid at two months of age disclosed xanthochromia and a number 


of red blood-cells. Encephalograms showed dilated ventricles, abnormal 
contour of convolutions and an excessive amount of air over the cortex 
of each cerebral hemisphere. There was no improvement of the condi- 
tion of the patient from the neurological viewpoint. He died two and a 
half months after the onset of nervous manifestations. 

At necropsy, there was a small brain with normal basal convolutions, 
but distorted atrophic convolutions over the convexity of each cerebral 
hemisphere. The abnormal convolutions for the most part were 
restricted to the region drained by the middle superior cerebral veins. 
The cortical and subcortical lesions consisted largely of foci of necrosis 
with evidences of repair. The pia-arachnoid was thickened and 
unusually vascular. There was evidence of old hemorrhage into the 
pia-arachnoid and subdural space. 

The anterior one-half of the superior longitudinal sinus was occluded 
by a firm, fibrous vascularized thrombus. This was so localized as to 
obstruct almost completely the venous drainage from the regions of the 
brain affected by the degenerative changes. It is of particular 
significance that organized and canalized thrombi were demonstrated in 
the superior cerebral veins. 

In this patient, we have no hesitancy in reconstructing the sequence 
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of events as follows: There was normal development of the brain to 
one month of age. During an acute nutritional disturbance, a thrombus 
formed in the superior longitudinal sinus with extension into tributary 
cerebral veins. Bilateral cortical and subcortical necroses with attendant 
hemorrhage, especially into the pia-arachnoid, were the consequences. 
The infant recovered and the thrombi organized, but the damage had 
been done. Unaffected. portions of the brain, especially the basal 


convolutions, developed normally. 
Discussion. 


The three patients whose clinical and pathological states have been 
presented exhibited organized and canalized thrombi in the superior 
longitudinal sinus. They furnish adequate demonstration that throm- 
bosis of the superior longitudinal sinus does not invariably result fatally 
in a few days. 

It is possible that in the first patient a cerebral infarct may have 
resulted from an embolus, or that it may have been due to partial 
occlusion of the dural sinuses. Case 2 presented intracranial hemato- 
mata, new vessel formation and hemosiderin deposits in the lepto- 
neninges. These are the results of intrameningeal and subdural 
hemorrhage at the time of the acute thrombosis. Case 3 shows very 
clearly the end-result of venous obstruction, subarachnoid hemorrhages 
and cerebral necroses. 

The thrombus in the first patient was probably infectious in origin, 
resulting from the otitis media from which he was suffering at that time. 
Each of the other two patients developed normally to up the time of an 
acute illness, characterized by nutritional disturbance of considerable 
severity, pyrexia, dehydration and, in Case 3, abnormal neurological 
findings. These are the clinical manifestations most frequently seen 
n patients with sinus thrombosis unassociated with sepsis or surgical 
procedures. In each patient there was retrogression in mental 
development as well as abnormal neurological manifestations. Death 
curred after several months as a result of intercurrent developments. 
These patients, then represent instances of acquired cerebral lesions in 
childhood. 

Every neurologist is repeatedly faced with the problem of explaining 
the onset of nervous symptoms without any apparent cause in infants 
ind young children who have had a period of normal development. 
These symptoms and signs of disturbance of the central nervous system 


often follow some severe acute illness. In other instances no direct 
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relationship is apparent. In certain of these patients the pathologist is 
confronted with the presence of structural alterations in the brain which 
are essentially degenerative or reparative, local or extensive. We 
believe from evidence presented in previous articles [1] [2] that the 
sequele of thrombosis of the dural sinuses must be considered seriously 
in the analysis of these clinical and pathological abnormalities. 

The origin of such lesions are readily obscured by various factors. 
In the first place the acute illness, even though accompanied by dis- 
turbances of muscle tonus or even convulsions, varies but little from 
the severe nutritional disturbances frequently encountered in infants 
under 2 years of age. None the less, such clinical manifestations are 
all that are seen in many patients who die with thrombosis of the 
superior longitudinal sinus in the acute stage. In patients who later 
develop neurological abnormalities the acute illness is often interpreted 
in retrospect as ‘‘encephalitis.’"" The symptoms may be progressive, 
and for that reason the significance of the initial illness is set aside. 

The anatomical nature and distribution of the lesions in acute sinus 
thrombosis have been discussed previously. It should be recalled that 
the lesions in the meninges are hemorrhage and venous obstruction, 
often accompanied by thrombosis of cerebral veins. Within the brain 
substance, there are areas of softening, often associated with 
hemorrhage. 

If it is assumed that recovery from such lesions can occur necropsy 
at a later period should show pathological changes. Subdural and 
intradural hemorrhages, if small, would leave areas of hemosiderosis ; 
if large, they may become encapsulated. Evidence of repair in the 


leptomeninges should include hemosiderin granules in phagocytes and 


some increase in connective tissue as a reaction to the extravasation of 
blood. These were present in all three cases. ‘The venous obstruction 
would result in dilatation of previously existing vessels and, after an 
interval, formation of new vascular channels. These were also encoun- 
tered in each of the three instances. Of special interest is the small 
plexus of veins over the surface of the arachnoid in Case 2 (fig. 2). 
The results of the intracerebral necroses and hemorrhages are of 
first importance to the present discussion. In Case 3 large areas were 
found in which almost the only cells were compound granular corpuscles 
filled with droplets of degenerating myelin; normal cerebral structure 
was entirely lacking. At the periphery of these lesions there was 
extensive astrocytosis. In the intervening. regions astrocytes, collagen 
fibres and newly formed blood-vessels and compound granular corpuscles 
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were intermingled. There is a striking resemblance of such tissue to 
those traumatic scars which pull on the entire vaso-astral framework of 
the brain producing Jacksonian epileptic attacks [5]. In the brain 
studied, however, the changes were less advanced than those in the 
usual case of traumatic epilepsy. Such scars might be expected if the 
patient had lived for a longer period, and glial cysts and focal areas of 


gliosis might be found. 
In conclusion, it should be mentioned that it is easy to overlook 


small thrombi in the superior longitudinal sinus at necropsy, especially 
if they are organized. We urge that careful histological studies be 
made of this structure in patients with acquired cerebral defects. 


SUMMARY. 


The present report is concerned with aclinical and pathological study 
of three children who presented organized and canalized thrombi in the 
superior longitudinal sinus. These were found in a series of eighty 
instances of sinus thrombosis of all types, the seventy-seven instances 
with more recent thrombi having been discussed elsewhere [1]. 

One patient developed acute neurological disturbances in the course 
of cardiac decompensation resulting from mitral stenosis of rheumatic 
origin. At necropsy organized and canalized thrombi were found in 
the superior longitudinal and right lateral sinuses. There was a zone 
of organizing hemorrhage and softening in the cerebral cortex. 

The other two patients were infants who developed normally up to 
the time of acute illnesses, characterized by severe diarrhoea and 
vomiting. As pointed out previously, these were prominent symptoms 
in those patients who died with acute sinus thrombosis unassociated 
with surgery or demonstrable sepsis. During the illness of one patient 
and shortly after the subsidence of acute symptoms in the other patient, 
it became obvious that there was impairment of mental function. Death 
occurred several months later. Portions of the superior longitudinal 
sinus of each patient contained organized and canalized thrombi. The 
pathological changes in the brain and meninges, allowing for such repair 
as might be expected after a few months, conformed with those changes 
which are commonly associated with thrombosis of the superior 
longitudinal sinus of short duration. 

We believe that the patients here reported give support to our 
contention that certain acquired cerebral defects are due to thrombosis 
of the superior longitudinal sinus and its sequele. The possible relation 
of cerebral lesions secondary to sinus thrombosis and non-traumatic scars 
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of the cerebrum associated with Jacksonian epilepsy is emphasized. 
The organized thrombi may be small and easily overlooked, as unless 
the entire lumen is occluded the process of organization tends to greatly 
reduce their size. A thorough search of the dural venous sinuses fo1 
the presence of organized thrombi may elucidate the etiology of som: 
instances of focal cerebral gliosis, ‘‘ encephalitis,’ of childhood and 
spontaneous subdural or subarachnoid hemorrhage. 
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ABNORMALITIES IN THE AMOUNT AND CIRCULATION 
OF THE CEREBROSPINAL FLUID ASSOCIATED WITH 
OTITIS MEDIA. 


BY ADAMS A. McCONNELL. 


THE search for an otogenous intracranial abscess not uncommonly 


reveals, instead of an abscess, an excessive amount of normal cerebro- 
spinal fluid under increased pressure (Symonds [1]). If a temporal 
approach has been made this fluid may be found in the descending 
horn of the lateral ventricle; if the posterior cranial fossa has been 
opened the fluid may be discovered in the subarachnoid space behind 
the petrous temporal bone. Either finding is compatible with the 
presence of a communicating or external hydrocephalus, but the first is 
more suggestive of an obstructive internal hydrocephalus, and the second 
of a localized cystic collection of fluid in the posterior fossa (encysted 
arachnoiditis). The interpretation of what is found at operation is 
therefore not always easy. 

This paper deals with the operative findings in six cases of otitis 
media. These cases presented symptoms so suggestive of intracranial 
complications that exploratory operations were performed. In all the 
cerebrospinal fluid was normal, and in none was an abscess present. 


Case 1.—Female, aged 33. Simple left mastoid operation. Lateral sinus 
hrombosis. Headache. Papilledema. Nystagmus. Negative exploration of 
eft temporal lobe. Exploration of the posterior fossa; excess of cerebrospinal 
fluid in front of the left lobe of the cerebellum. Complete recovery. 

Mrs. A. E., aged 33. Admitted on May 4, 1935, to the Richmond 
Hospital, Dublin, under the care of Mr. Stafford Johnson, with the diagnosis 
f acute infection of the left mastoid. Four weeks before admission both 
maxillary antra had been drained, and for ten days she had suffered from head- 
ache and earache. On admission temperature was 101-8°F., pulse 120 and 
espirations 22. 

May 4: Anemergency mastoid operation was performed. Pus was found 
in the bone down to the lateral sinus which was exposed and which appeared 
healthy. 

May 6: The temperature reached normal and the pulse rate was 88. 

May 7: She had a rigor and a temperature of 101°8 F. A diagnosis of 
lateral sinus thrombosis was made. The left internal jugular vein was 
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ligatured in the neck; the lateral sinus was exposed, opened and a clot removed 

May 8: Temperature normal in the evening. Pulse 84. Felt well. 

May 9: Rigor. Temperature 100 F. Pulse 100. 

May 10: Temperature normal. Pulse 96. Felt well. Good appetite. 

May 13: Got up for a short time. 

May 15: Temperature rose to 101°5 F. Pulse 92. 

During the next week there were fluctuations of temperature up to 101° F 
but no cause could be discovered. The patient felt sick and complained of pai 
in the back of the head. 

May 25: She complained of pain behind the eves. Temperature 98°4 |] 
and pulse 98. 

Next day pain behind the eyes had disappeared, but was present in the 
occipital region. 

May 27: Pain in the back of the head. Temperature 102°F. She said 
that her left arm felt weak. 

General neurological examination was negative. 

Ophthalmological examination by Mr. Alan Mooney revealed a right choked 
dise of 34D, numerous exudates on disc and few small hzmorrhages. Retinal 
veins very congested and tortuous. The left disc was swollen to 2D; appear 
ance suggest sudden onset. Veins less congested and tortuous than on right 
side. Slight limitation of right lateral gaze. Nystagmus on lateral gaze, the 
movements slower and coarser on looking to right. Nystagmus also present on 
upward deviation. 

May 29: Temperature reached 101°5 F. but next day it was normal. 

After this date the patient had no headache and felt well in every way 
The papillaedema, however, did not subside. 

June 8: Temperature rose to 99°2° F. No subjective symptoms. Lumbai 
puncture pressure was not increased and the cerebrospinal fluid was normal 
The papillcedema slowly increased and on June 20 the swelling was 4D in the 
right eye and 34p in the left eye. 

June 21: With the patient lying on the left side, the right ventricle was 
punctured. The ventricle was found in the normal position and the fluid rose 
only to the top of the needle. Only 7 c.c. of fluid could be obtained. It was 
normal. 

June 24: The papillcedema was 44) in the right eye and remained at 33) 
in the left eye, and there were two fresh hemorrhages in each retina. 
Nystagmus as before. Perimetric studies showed full fields with slight 
enlargement of the blind spot in each eye. Visual acuity in both eyes 
was &. 

The steady increase in papilleedema made active measures imperative, so a 
needle was passed into the right ventricle in the hope of obtaining a ventri- 
culogram, but as only 3 c.c. of fluid were obtained, there was too little air to 
obtain a picture. 

As there was no internal hydrocephalus it was decided to explore the left 


temporal lobe. This was done under general anesthesia with negative results. 


















ABNORMALITIES OF THE CEREBROSPINAL FLUID IN OTITIS MEDIA 317 

















\n opening was then made over the left lobe of the cerebellum. There was 
no gross increase of tension. A needle was passed into the middle of the lobe 
und directed towards the base of the petrous part of the temporal bone. At 
a depth of 6 cm. from the surface of the cerebellum a slight obstruction was 
encountered. This was overcome without force and some fluid appeared. It 
flowed gently and was not under marked tension. With a syringe 2 oz. of this 
fluid were aspirated slowly. Towards the end it became bloodstained. Free 
pulsation now appeared in the cerebellar lobe. The wound was closed in the 
usual way without drainage. 

The fluid was cerebrospinal fluid, but it contained too much blood for cell 
count. It was sterile on culture. The patient made an uneventful recovery 
und was discharged on July 7, 1935. The papillaedema subsided slowly. 

The latest report from this patient, received in March, 1937, was that she 
had been quite well since leaving hospital. 

Final Diagnosis.—Collection of cerebrospinal fluid localized in the posterior 
cranial fossa in front of the left lobe of the cerebellum. 

Comment.—The striking feature of this case was the absence of 
tension both on lumbar and ventricular puncture in the presence of 


gross papilloedema. 








Case 2.—Female, aged 27. Left otitis media. Two mastoid operations. 
Headache and vomiting. Papilledema absent. Exploration of posterior fossa ; 

llection of cerebrospinal fluid found in front of the left lobe of cerebellum. 
Complete immediate recovery, possible late recurrence. 

S. B., aged 27, was referred by Dr. MacArdle, Castleblayney, on June 24, 
1935, on account of persistent headache. In 1929 she had a discharge from 
the left ear. This stopped inside a few weeks. She continued well for three 
years, when the discharge returned. In November, 1932, she got an acute 
mastoid infection, for which Mr. P. J. Keogh performed a simple mastoid 
operation. In July, 1933, there was some local pain and renewed discharge, 
so a radical mastoid operation was performed. LErysipelas developed in the 
wound, but in the course of four weeks healing was complete except for 
. minute sinus from which there was an occasional discharge of thin pus. 

From the date of the radical mastoid operation the patient complained of 
practically continuous headache, with exacerbations of extreme severity 
accompanied usually by vomiting. During the exacerbations she was quite 
inable to work, and in the intervals her work was not satisfactory. 

June, 1935: General medical and neurological examinations were negative. 
Ophthalmological examination showed full fields and normal fundi. No 
nystagmus. The sinus in the mastoid wound was dry. Mr. Keogh thought 
that the condition of the mastoid could not account for her symptoms. As 
the patient thought that the headache was somewhat relieved when the sinus 
discharged, we made a tentative diagnosis Of an extradural abscess, the tension 
of which was relieved by the intermittent discharge. 

July 5: Under general anesthesia a curved incision independent of the 
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mastoid wound was made to expose the bone behind the left lateral sinus 
The bone appeared quite normal on exposure, and when an opening of about 
2 cm. in diameter was made the dura was normal. A curved director was 
passed between the dura and the bone towards the mastoid but nothing 
abnormal was encountered. The dura was then opened. The cerebellum was 
normal in appearance but did not pulsate. A needle was passed into the 
cerebellum in the direction of the mastoid, and at a depth of 4 cm. tapped 
fluid. The fluid was clear and flowed slowly from the needle. After one 
ounce had been collected a syringe was attached to the needle and anothe: 
ounce aspirated. There was then free pulsation of the cerebellum. The 
wound was closed without drainage. The fluid was cerebrospinal fluid, normal 
in every respect. Next day the patient said that she was free from headache 
for the first time for two years. 

Three days after the operation the temperature showed some irregularity 
rising to 99 or 100° F. in the evening. There was no headache nor rigidity of 
the neck and the patient felt and looked well. Radiographic examination of the 
chest showed slight density over the lower lobe of the right lung. There were 
no clinical signs of pulmonary disease. The temperature settled down inside 
a week and the patient was discharged on July 20, 1935. 

For the next six months the patient was apparently perfectly well and the 
sinus remained closed. In January, 1937, the headaches returned. They 
occurred soon after rising, got gradually worse during the day and were usually 
relieved when she lay down with the head low at night. During the headach« 
the occipital wound was sometimes very tender. 

She was seen in April, 1937. There was pulsation at the site of the 
cerebellar exposure but no tension. 

The latest reports state that she still suffers from headache. 


Case 3.—Female, aged 24 years. Left otitis media. Facial palsy. 
Headache. Vomiting. Subtentorial decompression. Recovery. 

Miss M. K., aged 24, was referred to the Richmond Hospital, by Dr 
Geoffrey Bewley on account of headaches. In the beginning of March, 1934, 
she complained of a sore throat and a few days afterwards developed otitis 


externa and erysipelas followed immediately by paralysis of the left facial 
nerve. Herpes oticus was suspected, but the appearances were much more 
suggestive of erysipelas. The middle ear then became inflamed and the 
membrana tympani was punctured. Recovery was complete except for the 
facial palsy which persisted. During April she began to suffer from inter 
mittent headache accompanied for a time by vomiting. In May a complete 


neurological examination was made: there was complete paralysis of the left 
facial nerve with normal electrical reactions. Slight tremors of the hands and 
dysdiadochocinesia of the left hand. She was unable to stand alone and 
deviated to the left when walking. Lumbar puncture showed a _ pressure 
of 200 mm. water and the fluid was normal. Ventricular puncture was 
attempted, but the ventricle could not be found. There was no evidence of 
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tension when the opening for the ventricular puncture was made. She was 
lischarged to her home unrelieved. She was re-admitted on October 26, 
still complaining of headache. Her other symptoms were unchanged. A 
needle was passed into the left ventricle and 10 ¢.c. of fluid, which was not 
under tension, were removed. This procedure gave her definite relief, but 
fourteen days later she got into a presumably hysterical condition in which 
she appeared unable to speak or put out her tongue, and sensation was dimin- 
shed all over the body. This lasted for nearly two days, but passed off 
leaving her rather better than before. She passed the next three months 
partly in hospital, partly at home, and the headaches gradually increased in 
requency and severity. She was readmitted to the Richmond Hospital on 
March 16, 1935. The headaches were worse than ever and were chiefly 
rontal and occipital. Dr. H. L. Parker found paralysis of the left frontalis 
muscle with spasm of the orbicularis palpebrarum and of the muscles of the 
ower part of the face. The tendon reflexes were increased on the right side 
f the body. There was a rise in temperature each evening to 99°5° or 
100° F. Blood-sugar was 160 mg. per cent. and blood urea 57 mg. per cent. 
General medical examination was negative. On March 23, the left ventricle 
was punctured. The fluid was not under tension and was completely normal. 
In spite of the - hysterical’’ attack it was considered that the persistent and 





incapacitating headache had an organic basis and that this might be found in 
the posterior fossa. 

On April 11, 1935, exploration of the left side of the posterior fossa was 
carried out, but no abnormality was discovered. The patient was thus left 
with a limited subtentorial decompression. She made a prompt recovery from 
the operation, and from that date until the present she has had no headaches. 
When seen last in January, 1937, she was perfectly well except for paralysis 
of the left frontalis muscle and spasm of the other muscles on that side of 
the face. 

Comment.—Lumbar and ventricular punctures did this patient no 
good, but cerebellar decompression has apparently cured the headaches. 
It may be that at operation a collection of fluid in the lateral cistern 
was missed, and if so, the decompression may have re-established 
free communication between this cistern and the other basal 


cisterns. 


Case 4.—Female, aged 40. Headache. Vomiting. Tight otitis media. 
lastoid operation. Mental dullness and confusion. Papilledema absent. 
Hxploration posterior fossa. Collection of cerebrospinal fluid in front of 
right lobe of cerebellum. Complete recovery. 

Mrs. M. D., aged 40, was admitted to the Royal Victoria Eye and Ear 
Hospital, Dublin, on June 25, 1936, under the care of Mr. T. O. Graham. 

In April she had a discharge from the right ear, which lasted about a week 
and stopped spontaneously. About the beginning of June she began to suffer 
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from headaches which gradually increased in severity and later were accom- 
panied by attacks of vomiting. She felt sick and weak and was unable to work. 
During this time the discharge from the right ear appeared again, lasted a few 
days, and stopped without affecting her general condition. 

June 25: The right ear appeared normal. There was some tenderness over 
the right mastoid region. She complained of severe headache, pain in the neck 
and dizziness. The patient was dull and non-co-operative. There was slight 
stiffness of the neck and she kept her head turned to the left. The fundi were 
normal and the fields full to rough tests. She could move the eyes to both 
sides, but could not hold them in position. There was no nystagmus. Corneal 
reflexes were normal. The right arm seemed weaker than the left. Arm and 
leg reflexes were present and equal, and the plantar responses were flexor. 
The patient said that she had staggered to the right, but as she was too weak 
to get out of bed this statement could not be checked. 

June 27: She complained of severe pain in the right side of the neck and 
the top of the head. The neck was very stiff. She felt that she was moving 
to the left side. Any attempt to make her fix her gaze failed. She vomited 
everything she took. The right mastoid antrum was opened, but it and the 


neighbouring bone were quite healthy. 
June 29: I was asked to see the patient. She was thin and pallid, very 
apathetic and listless, with slow cerebration and slow speech. There was no 


papilleadema. She cried when an attempt was made to turn her head. It 
was impossible to get her to co-operate in any way, although she appeared 
perfectly conscious. A diagnosis of a right cerebellar abscess was made and 
she was transferred to the Richmond Hospital. 

June 30: Operation. Local anesthetic. The right cerebellar hemisphere 
was exposed. It did not bulge into the dural opening and pulsation was 
present. A needle was passed through the cerebellum towards the mastoid and 
fluid began to flow freely from it. Four ounces were aspirated and fluid still 
dropped from the needle. We had the impression that fluid could be obtained 
as long as the needle was left in position. The cerebellum at this stage had 
fallen away from the dura and there seemed to be abundance of room in the 
posterior fossa. The wound was closed without drainage. 

Pathological report : ~ This fluid has all the features of normal cerebrospinal 
fluid and contains a trace of blood. Protein 20 mg. Cells, monocytes 2 per 
mm. Faint trace of globulin in Nonne-Apelt test. Sugar normal. Chlorides 
normal (730 mg.). No organisms seen. Sterile on culture.” 

The patient vomited during the next two days, but she had no headache 
nor pain and her mental dullness had disappeared. From this date recovery 
was uninterrupted and complete. She was discharged on July 16, 1936. 

Comment.—As more fluid was obtained than the posterior fossa 
could accommodate without evidence of gross tension, it is probable 
that there was a free communication between the cisterna pontis and 
the rest of the subarachnoid space, and that lumbar puncture might 
have been as effective as local removal of fluid. 
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Case 5.—Male, aged 22. Bilateral otitis media. Left mastoid operation. 
Headache and rigidity of the neck. Papilledema. Nystagmus. Operation: 
nternal hydrocephalus and a collection of cerebrospinal fluid in front of the left 
obe of the cerebellum. Death fifteen days after. Internal hydrocephalus. 


J. D., a man, aged 22, was admitted to a Dublin Hospital on November 2, 
1935, sutfering from double otitis media. About one hour after admission he 
became semiconscious. As he resented pressure on the left mastoid but not 
mn the right it was decided to operate on the left side. Pus was found in the 
mastoid and a radical mastoid operation was performed. There was no 
indication of infection of the lateral sinus or of the dura. After the mastoid 
operation the patient recovered apparently completely and left hospital on 
November 27. 

On December 4 the patient complained of pain in the back of the head and 
of pain and stiffness of the neck. When he was readmitted to hospital he had 
severe occipital headache and some rigidity of the neck. There was complete 
left facial palsy. The abdominal reflexes were brisk. The fundi were normal 
ind the ocular movements full, but there was marked coarse nystagmus on 
looking to the left. Left pupil reacted to light more briskly than right. 

December 12: Left vestibulotomy was performed on account of the 
nystagmus, but no improvement occurred. A few days later definite papilla- 
dema of both dises with swelling of about 4D was found. His general 
condition became steadily worse and the diagnosis of a cerebellar abscess was 
made. 

December 22: I saw the patient for the first time. He looked extremely 
ll and was dull and stupid. He had intense headache; his neck was rigid and 
he vomited on the slightest movement. 

Under local anesthesia a needle was passed into the uppermost part of the 
left ventricle. The fluid spurted from the needle but was immediately checked 
and allowed to flow slowly. Over 20 c.c. escaped before the tension was 
relieved. The diagnosis of a lesion in the posterior fossa, probably an abscess, 
was confirmed by this demonstration of a dilated ventricle. The left cerebellar 


hemisphere was then exposed under local anesthesia. The hemisphere was 
closely applied to the dura in spite of the relief of tension above. There was no 


subarachnoid fluid over the region exposed. A needle was passed into the 
hemisphere but no pus was found. It was then passed through the hemisphere 
towards the mastoid and fluid under tension escaped. Some of the fluid was 
loss but 50 ¢.c. were collected. When it ceased to flow the wound was closed 
vithout drainage. The patient’s headache was immediately relieved. The 
uid was normal cerebrospinal fluid. I did not see this patient again. He 
improved steadily until December 30, when there was a definite reduction in 
the papilleedema, which measured only 2p. On that date there was a return 
of headache and a needle was passed into the posterior fossa without result. 
The ventricle was not tapped nor was a lumbar puncture done. He gradually 
got worse and died on January 6, 1936. 
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dilatation of the lateral 





A post-mortem examination revealed marked 
ventricles with fine fibrinous adhesions in the region of the foramen of 
Magendie. The arachnoid membrane was not opaque nor thickened. There 
was no abscess. The posterior cranial fossa was normal. 
Comment.—Repetition of the ventricular tap would have saved this 
patient for a time, and an opening between the fourth ventricle and 
the cisterna magna would probably have given him permanent relief. 


Lumbar puncture would have been dangerous and useless. 





Case 6.—Male, aged 20. Right otitis media and mastoiditis. Wenta 
symptoms. Radical mastoid operation. Excess of cerebrospinal fluid over 
cortex and in ventricles. Progressive deterioration. Terminal streptococca 


infection. Internal hydrocephalus found at autopsy. 

The patient, a skilled artisan, aged 20, complained of pain in the right ear 
on June 26, 1936. Next morning a discharge from the ear relieved the pain. 
On June 29 the pain returned and he was admitted to the Royal Victoria Eye 
and Ear Hospital, under the care of Mr. T. O. Graham. 

On admission temperature was 104° F., pulse 122, respirations 22. There 
was a perforation in the upper part of the membrana tympani with inflamma- 
tion below and in front. The lower part of the drum was punctured and pus 
escaped. 

\ few days later he became delirious during the night, took the dressing off 
and tried to get out of bed. There was no pain in the right ear or tenderness 
over the mastoid. The abdominal reflexes were active, the knee-jerks present 
and the plantar reflexes flexor. His neck was not rigid and Kernig’s sign was 
not present. He did not vomit and the discs remained normal. No dysdia 
dochocinesia or past-pointing. The pupils were equal and reacted normally. 
There was no nystagmus. On lumbar puncture the pressure was 30 mm. 
water. The fluid was clear and contained no cells, and the globulin was not 
increased. 

July 3: He was © strange,” got out of bed and tried to evict other patients 
from their beds and get in himself. There was no discharge from the ear and 
no pain. 

When questioned the relations said that the patient's temperament had 
changed in the last month and that he had become irritable. A fortnight 
before admission he complained of headache. When I saw him on July 3 he 
was quiet but disoriented in space and time, and his face was expressionless. 
He said “It is what God said would happen.’ He quoted the Bible about 
‘God’s treatment of sinners’’ quite coherently, but then wandered off to 


another subject. He did not seem to haveany pain. His fundi were normal. 
There was a free purulent discharge from his right ear. Later he became 


very restless and violent but after an injection of luminal he was clearer 
mentally, but he refused to speak except to give his name. He moved all his 
limbs freely. The patient’s condition did not suggest increased intracranial 


pressure 
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July 7: Dr. Graham opened up the mastoid antrum, and found pus all 
through the mastoid process. The dura and the lateral sinus were exposed 
and appeared normal. As there seemed to be enough infection to give rise to 
2 toxemia which might account for the mental state of the patient, it was 


a 


decided to do nothing further. 
July 9: Temperature normal and pulse 100. He was stuperose and his 


neck was slightly stiff. No difference was observed between the tone of the 
limbs. The left knee-jerk was brisker than the right, but the plantar responses 
were flexor and the abdominal reflexes present and equal. His right eve was 
constantly turned to the right. The left dise was healthy, the right was not 
seen. 

July 10: Operation. A small opening was made over the right frontal 
When the dura was opened, thickened opaque arachnoid bulged into 

This was punctured and a free flow of cerebrospinal fluid 
The anterior horn of the right ventricle was punctured with 
Fluid flowed in a gentle stream from the needle and 


lobe. 
the opening. 
appeared. 
patient’s face upwards. 
altogether over 20 c.c. of fluid were removed, most of it by aspiration without 
moving the head. It was concluded that there was an internal hydrocephalus 
and that there was no supratentorial abscess on that side. The right lobe of 
the cerebellum was then exposed. There was no tension whatever and explora- 
tion failed to reveal anything abnormal either in the cerebellum itself or in its 
neighbourhood. No fluid was obtained by passing the needle right through 
the cerebellum in the direction of the petrous bone. Next day he was better, 
but on the following day right divergent strabismus and nystagmus developeds 
July 13: He appeared somewhat clearer and was less restless. There was 
right divergent strabismus and constant nystagmus with the quick movement 
upwards and outwards to the right. Abdominal reflexes not so marked on the 
left side as on the right. He succeeded in getting the dressing off to-day. He 


recognized his mother and answered questions occasionally, with some degree 


of dysarthria. 

July 14: He was more rational, recognized and named a pen but was 
extremely restless, or he lay silent, his eyes following every movement. 
Nystagmus was not nearly so marked. The fundi were normal. An attempt 
to tap the right ventricle failed. During the next few days he improved and 
spoke coherently and sensibly. 'Temperature remained normal and pulse-rate 
steadily dropped from 150 to 100. 

July 19: Temperature rose suddenly in the evening. His mental state was 
clearer. There was no change in the reflexes, but nystagmus was still present. 
On lumbar puncture the pressure was 85 mm., the fluid was clear, chlorides 
720 mg., protein 18: no cells were seen and cultures were sterile. 

July 21: Quite normal and bright mentally and he talked rationally. 
l'emperature, pulse and respirations normal, but in the evening his temperature 
rose to 102° F. Next day he had a rigor; temperature was 102°4° F. and 
pulse 140. He did not complain of headache and was quite clear and intelligent, 
though a little slow in answering. There was some dysarthria. The mastoid 
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wound discharged freely. The squint of his right eye had disappeared and 
both eyes moved readily. No nystagmus was observed. His neck was freely 






movable and there was no tenderness along the jugular vein. The right arm 
sagged, the right grip was weaker than the left, and the finger-nose test was 
not so good on the right side. The abdominal reflexes were present and active 







but the knee-jerks were feeble. 
July 23: He was very confused and delirious: said I’m going to hell’’ 







~ I’m Esau because I’m a hairy man.”” “My hands were never as clean as 
that before.” He answered questions well. Theneck was more rigid but the 
nystagmus was less. The left ventricle was tapped; there was excess ol 






subarachnoid fluid and the arachnoid was thickened and gelatinous, obscuring 
the cortex. The ventricular fluid flowed freely at first, 20 c.c. were aspirated. 
The right ventricle could not be found. There was no tension on the flap. 







July 27: The temperature came down to normal, but the pulse-rate 
increased to between 140 and 150 and the respirations to about 40. It was 
necessary to feed him by a nasal tube. He seemed to be quite conscious but 
did not speak. He was very wasted. On the following day a corneal ulcei 
had developed on the right side, and this side of the face seemed insensitive t« 
pin-prick. The conjunctival and corneal reflexes could not be obtained. A 
needle was passed into the right ventricle and about 10 c.c. of blood stained 











fluid were obtained, the patient being face up the whole time. A spontaneous 
nystagmus appeared immediately after the removal of the fluid and the patient 
reacted by moving his head, but he did not speak. The fluid contained 







hemolytie streptococci The patient died. 
Post mortem.—Cortical meningitis limited to the frontal region. Internal 







hydrocephalus. 






Comment.—The excess of subarachnoid and ventricular fluid without 





tension suggested cerebral atrophy, which was also suggested by his 
mental condition. It is probable that the otitis media was not in any 






way responsible for the intracranial condition. The terminal meningitis 






was probably caused by one of the ventricular punctures through a 





wound contaminated by the patient’s hands. The case is included 






because at the beginning otitis media seemed to be the primary lesion. 













CLASSIFICATION ACCORDING TO THE OPERATIVE FINDINGS. 








In Case 1 the absence of pressure on lumbar puncture and on 


ventricular puncture, and its presence in the posterior fossa seem to 






exclude a communicating hydrocephalus and to allow this case to be 






classified as one of a localized cystic collection of cerebrospinal fluid in 






the posterior fossa. 
A similar diagnosis is justifiable in Case 2 because of the similarity 






of the operative findings. 
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These two cases differ markedly from most of the cases of cystic 
collections in the posterior fossa previously reported. In the latter the 
encysted fluid was under gross tension, issuing from the needle in a 
strong jet and sometimes striking the assistant in the face ; but in these 
cases the tension of the fluid was but slightly increased and yet removal 


of the fluid relieved the symptoms. 
In Case 3 the ventricular pressure was never increased, but the 


spinal pressure was 200 mm. water on one occasion, while some degree 


of tension in the posterior fossa and of interference with the circulation 
of the cerebrospinal fluid may be inferred from the result of the 
cerebellar decompression. 

In Case 4 the fact that much more fluid was withdrawn than could 
conceivably be retained in the posterior fossa without gross tension, 
suggests the presence of a communicating hydrocephalus. 

Case 5 had a localized collection of fluid in the posterior fossa and 
an independent internal hydrocephalus. The fluid in the lateral 
ventricle was under extreme tension, and that in the posterior fossa, 
though tapped immediately after the ventricular puncture, showed 
tension no less extreme. 

Case 6 would appear to be one of otitis media occurring in a patient 
with compensatory hydrocephalus. 

The operative findings were confirmed by post-mortem examination 
in cases 5 and 6, but whether they disclosed the actual conditions 
present in the other cases is doubtful. For instance, cerebrospinal 
fluid may be obtained in the subarachnoid space behind the petrous 
temporal bone in some perfectly normal cases, in those with com- 
municating or external hydrocephalus and in those with localized cystic 
collections. The amount and tension of the fluid withdrawn and the 
result of its withdrawal may suggest one rather than another of these 
conditions, but anatomical verification may be impossible. 

In the following table the conditions suggested by the operative 
findings are presented along with the outstanding symptoms and 
signs. 

No general conclusions can be drawn from this table except, perhaps, 
that headache and vomiting occurring in the course of otitis media may 
indicate any sort of derangement in the amount or circulation of the 
cerebrospinal fluid. These derangements fall into two general types : 
(1) A general excess of cerebrospinal fluid in freely communicating 
ventricular and subarachnoid systems, the so-called communicating or 
external hydrocephalus. (2) Cerebrospinal fluid encysted in the 
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ventricles or in some part of the subarachnoid pathway, that is obstruc- 
tive internal hydrocephalus or localized collections of fluid in the 
posterior fossa. From a practical point of view intracranial abscess 
may be included in the second type, for it is the fact of localization 


that is important rather than the nature of the fluid localized. Whether 


it be cerebrospinal fluid or pus that is localized a local operation for its 


removal is necessary. 
EE————_e 


Nystag Press ure 


Pressure 


V-P. 


Cerebral 
symptoms 


Papill 


Presumed 
cedema 


condition 


Looked Headache Vomiting 


Case 


Localized 
cystic collec- 
tion of fluid 
in posterior 
fossa 


Communi 

cating 
hydroceph- 
ilus 


Obstructive 
h ydroceph- 
alus and 
localized 
collection 
(verified) 


Compensa- 
tory hydro- 
cephalus 
(verified) 


90 mm 


200 mm, 


Confu 
sion 


Slow 
cere- 
Dration 


‘‘demen 80 mm. 


tia ”’ 


Not in- 
creased 


Not in- | 


creased 


Greatly 
in- 
creased 


Not in- 


creased | 


Slightly 


increased 


Slightly 
increased 


Slightly 
increased 


| Slightly 


increased 


Greatly 
increased 


Not 


increased 


The condition verified in Case 5 indicates that lumbar puncture 


might be as dangerous when there is no abscess as it is when an abscess, 
especially a cerebellar one, is present. On the other hand, in the first 
type of case, that of communicating hydrocephalus, lumbar puncture is 
both safe and curative. 

It is doubtful whether cases of the first type can be distinguished 
infallibly from those of the second, including abscess, on clinical evidence 
Ventricular puncture is safe in cases of either type and it gives 
When the arachnoid is 


alone. 
information that lumbar puncture cannot give. 
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opened an excess of subarachnoid fluid would indicate an external and 
probably a communicating hydrocephalus. If only a few c.c. of fluid 
be found in the ventricle any local collection of fiuid is probably to be 
found above the tentorium, usually in the temporal lobe. Case 1 shows 
that a small ventricle does not exclude a collection of fluid under 
tension in the posterior fossa. 

If over 25 c.c. of fluid be obtained from the uppermost ventricle 
without manipulation of the head the presence of an internal hydro- 
cephalus, either encysted or secondary to an expanding lesion in the 
posterior fossa, can be assumed, in which case the posterior fossa should 
be explored. In every case in which examination of the cerebrospinal 
fluid shows any increase in the number of cells or in the amount of 
protein, it is probable that an intracranial abscess is present, although 
a normal fluid by no means excludes an abscess. 

All these procedures can be carried out readily under local anesthesia, 
and by them a differentiation between cases of type 1 and type 2 can 
usually be made. There are many more cases of the second type than 
of the first, for the second type includes abscess. It is recognized that 
an accurate clinical diagnosis of the situation of an abscess can be made 
in the majority of cases, and that ventricular puncture may not be 


necessary, and it is better to localize an abscess by other means than by 


putting a needle into it. Ventriculography is sometimes advisable. 
The above routine is suggested only for cases in which localizing 
g ) g 


symptoms are absent or equivocal. 

Terminology.—The terms in this paper are used in their ordinary 
textbook sense. The term “ hydrocephalus’’ means only an increase 
in the volume of the cerebrospinal fluid within the skull, but in common 
usage it implies dilatation of the ventricles. Such dilatation is usual 
but is not constant, especially in communicating hydrocephalus. 

Localized cystic collections of fluid in the posterior fossa have been 
attributed to adhesions occluding part of the subarachnoid space. All 
otologists are familar with this condition and many cases have been 
reported under the name of meningitis serosa circumscripta or cystic 
arachnoiditis. Bourgeois [2] gives abstracts of the cases reported by 
the following: Baldenweck [3], Barany [4], Jenkins [5], Kobrak [6], 
Lewy [7], Moulonguet and Anglade [8], Mygind [9], Jacobsen [10], 
Lemaitre and Aubin [11], Vincent [12], Wylie and Watkyn Thomas 

13]. It has not been possible to consult the original reports in every 
nstance. 

The encysted fluid is usually described as normal cerebrospinal fluid, 
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t 


without any increase in the number of cells or in the amount of protein 
For this reason Bourgeois regards the condition as a local increase in 
the volume of the cerebrospinal fluid, and therefore as a type of hydro- 
cephalus. He adopts the term “ otitic hydrocephalus ”’ to designate any 
excess of cerebrospinal fluid occurring in association with otitis media 
Symonds had already introduced this term, but he had excluded localized 
cystic collections of fluid from its application. 

As any sort of derangement in the amount or circulation of the 
cerebrospinal fluid may occur in association with otitis media, it seems 
desirable to use the term ‘“‘otitic hydrocephalus’ in the wide sense 
suggested by Bourgeois. 

Conclusion.—In cases of otitis media it is sometimes difficult to be 
certain whether an abnormality in the amount or circulation of th 
cerebrospinal fluid is present or not. If an abnormality be present it is 
important to determine its type, for in some types lumbar puncture is 
dangerous. 

I would like to express my indebtedness to all those who gave me 


the opportunity of studying the cases on which this paper is based. 
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THE SYNDROME OF THE SUPERIOR CEREBELLAR 
PEDUNCLE IN THE MONKEY. 


BY A. EARL WALKER, M.D.2 AND E, H. BOTTERELL, M.D. 


I.—INTRODUCTION. 


DIsORDERS of movement arising from damage to the cerebellum are 
easily recognized, but the mechanisms whereby the cerebellum maintains 
a co-ordinating réle in muscular activity remain obscure. Even the 
neural pathways by which the cerebellum receives and transmits 
impulses to other parts of the central nervous system are imperfectly 
known. It is generally agreed that in the inferior and middle peduncles 
fibres carrying afferent impulses predominate and that the superior 
cerebellar peduncle contains the great efferent systems of the cerebellum. 
The present report is concerned with the disturbances of posture and 
movement following isolated division of one or both superior cerebellar 
peduncles. 

(1) Historical Review. 

Ferrier and Turner [2] were the first investigators to attempt 
section of the superior cerebellar peduncle inthe monkey. They studied 
three macaques after unilateral section of the brachium conjunctivum. 
In two of these disturbance of equilibrium was marked. When 
attempting to walk the animals deviated and fell to the side of the lesion ; 
the ipsilateral limbs were raised high and wide of the body. Fine 
tremors, which became amplified on exertion, were present in the ipsi- 
lateral extremities. In one animal nystagmus was present and increased 
on looking to the side of the lesion. These two experiments were 
terminated at thirty and forty days: the third animal died five days 
ifter operation. 

Keller and Hare [4] in 1934, using dogs, cats and monkeys, partially 
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divided the mesencephalon at the level of the inferior colliculus. They 
did not find any correlation between the degree and duration of ataxia 
and the extent of the damage to the brachium conjunctivum. They 
concluded (p. 1271): ‘It is not essential that a brachium conjunctivum 
be intact for normal homolateral co-ordination of muscular movements 
and static muscular stability.” 

Recently Ferraro and Barrera |1} have reported the results of 
section of the superior cerebellar peduncle. Their lesions were mad 
from within the fourth ventricle. They found that incomplete unilateral 
lesions resulted in “ ipsilateral dysmetria with more or less hypotonia 
and hyporeflexia.”” Following bilateral lesions the same symptoms 
occurred on both sides, lasting only a few weeks. In one case they 
considered that a complete and uncomplicated lesion of the superior 
cerebellar peduncle had been made. Rolling movements, and spiralling 
toward the side of the lesion on jumping, together with nystagmus toward 
the opposite side, complicated the usual findings after incomplete division 


of the superior cerebellar peduncle. ‘The results obtained by thes 


authors following section of the superior cerebellar peduncle were not 
constant and they were unable to describe a definite syndrome. 


(2) Definitions. 


Certain terms used to describe the signs of cerebellar deficit are 
often employed loosely. In order to avoid ambiguity these terms will 
be briefly defined: the definitions given by Gordon Holmes in his 
Croonian Lectures [3] have been followed in large measure. 

Cerebellar ataria is a term used to embrace all abnormal motor 
phenomena of cerebellar deficiency, including dysmetria, tremor, 
decomposition of movement, «c. 

Dysmetria is taken to include any disturbance in the range of 
voluntary movements. 

Hypermetria is excessive range of movement as when the limb 
overshoots the desired point. 

Hypometria is deficient range so that the limb stops before the goal 
is reached. Frequently a concomitant factor is a disturbance of the 
force of the movement which is not well adapted to its end. 

Decomposition of movement represents the performance of an act so 
that ‘‘the various components of the act are not performed in their 
proper sequence or measure ”’ | 3 

Tremor may be classified as that occurring in an extremity at rest or 
maintaining a posture (‘‘ static tremor ”’), and that occurring during any 
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part of active movement (‘‘ kinetic tremor”), and in any plane. 
Terminal tremor, i.e. the tremor occurring at the end of a movement is 
usually more marked than the tremor at the start or during the course 
of a movement. 

Tone (tonus or postural resistance) is applied by the clinician [3] 
‘to that slight constant tension characteristic of healthy muscles, owing 
to which the limbs, when handled or moved passively, offer a definite 
resistance to displacement.” To the physiologists “tone” is a reflex 
postural contraction most evident in anti-gravity muscles, the degree of 
postural contraction in any given muscle depending upon the position of 
the body in space at the time of examination. 

“* Hypotonia”’ is a somewhat unsatisfactory but widely-used term 
denoting a diminished resistance to passive movement; the passive 
movement of a hypotonic limb may be carried through a range greater 
than normal, and on passively shaking of the proximal segment of a 
‘hypotonic ” limb there is abnormal excursion at the affected joint. 


(3) Methods of Examination. 


At each examination the animal was observed both in his cage and 
running about a long corridor; then a neurological examination was 
carried out. Hemianopsia was tested for by noting the reaction of the 
animal to an object rapidly brought into its peripheral field of vision. 
The external ocular movements were noted as the animal looked 
around at various objects. The condition of the remainder of the 
cranial nerves was determined by inspection. The tendon reflexes 
routinely elicited were the triceps, biceps, radial, ulnar, knee and ankle 
jerks. The plantar response was obtained by stroking the lateral surface 
of the sole of the foot with a blunt object, usually a pencil. Motor 
function was estimated by watching the animal walk, run, and climb 
and noting the strength of the grasp and the resistance encountered 
in handling the animal. Voluntary movements were further studied by 
observation of feeding and the ability of the animal to walk on a ledge 
1} in. in width. In some cases the animal would reach for food from 
the observer’s hand, when the degree of co-ordination of the upper 
limbs could be accurately determined. 

Observation of these animals in small cages did not give an adequate 
picture of their motor function, for by various tricks the animal concealed 
leficiences of movement and equilibrium. Only when the animals were 


obliged to use the affected limbs were these irregularities revealed. 
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Running about a long corridor brought out some latent abnormalities. 
To bring out the maximum deficit in motor performance the flexor 
tendons were sectioned in the wrist contralateral to the divided superio: 
cerebellar peduncle in several cases. The animal was thus compelled 
to use the affected hand for feeding, and the deficiency revealed after 
some of these sections was astounding. The following is a direct 
quotation from notes made on a macaque monkey which had its left 
superior cerebellar peduncle sectioned forty-three days previousl) 
(S.P. 24). 

‘“‘ The left limbs are used very little in purposeful volitional move- 
ments and the range of these movements is quite small. Accordingly 
there is little ataxia to be noted when the animal moves the individual 
extremities. The right extremities are always used for picking up food 
and the left are only used in steadying the object as it approaches the 
mouth. In these movements there is no ataxia, only a slight 


” 


unsteadiness. 
Under ether anesthesia that morning the flexor tendons of the 


right wrist were sectioned. That evening the animal showed a very 
definite ataxia and tremor upon reaching for objects. Four days later, 
when all effects of anesthesia must have passed, the animal was 
described as follows :— 

‘Last night upon reaching for an object the movement of the left 
upper extremity was definitely jerky, usually the animal missed the 
object, striking the floor on either side of it, then corrected. A slight 
fumbling occurred after which the animal grasped the object and then 
carried it tohis mouth. Just as the hand was about to reach the mouth 
usually a fine tremor occurred, then the object was placed in the buccal 
cavity. Such is the usual sequence of events. This morning watching 
it again reaching for a peanut it was noticed that at times the left 
upper extremity shot up too high and too far for the object.” 

Because an animal is able to conceal a motor disability so effectively 
the progress of these animals has been watched critically. 

Resistance to passive movement was determined by manipulation of 
the extremities by gauging the resistance encountered on fully flexing 
or extending a joint. The range and rate of flopping of the hand and 
foot were observed on shaking the proximal segment of the arm and 
leg respectively. 

The pilomotor response was obtained by massaging the base of the 
neck, or exciting the animal. Vasomotor changes were determined by 


feeling the temperature of comparable limbs. 
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(4) Material and Technical Procedures. 


Animals.—The experiments were performed upon a series of twenty- 
five monkeys. Three died within a week asa result of operative trauma 
and two were used for acute experiments within ten days. One animal 
escaped from the colony twenty-eight days after operation. Three 
animals were used as controls and in these the entire operative procedure 
was carried out but the peduncle was not sectioned. ‘Three were used 
for Marchi degeneration and were sacrificed ten to twenty days after 
operation. Three animals lived from three weeks to three months after 
operation and ten for more than three months. In all, one or both 
superior cerebellar peduncles were sectioned on twenty animals. 
Partial sections were made on two animals. Excluding the five that 
did not survive ten days, and the one which escaped, this report is based 
upon the results of section of one or both superior cerebellar peduncles 
n nineteen monkeys, three of them baboons (Papio papio) and sixteen 
macaques (Macaca mulatta). The syndrome in the baboon was prac- 
tically the same as that in the macaque monkey and hence they are 
yrouped together. 

Operative procedures.—All operative procedures in this series were 
carried out in the Laboratory of Physiology, Yale University School of 
Medicine. Sodium amytal or nembutal was used as anesthetic for all 
intracranial procedures, and the usual precautions were taken to ensure 
asepsis. A few minor procedures were performed under ether 
anesthesia. Following cleansing of the scalp in the usual manner a 
large posteriorly situated osteoplastic flap was turned down, and the 
dura opened to expose the cortex of the occipital and parietal lobes, 
With a fine scalpel the arachnoid was incised to allow the cerebrospinal 
fluid to drain and thus provide additional space within the intracranial 
cavity. The occipital pole was then elevated and the usual small vein 
or two draining into the lateral sinus coagulated and divided. This 
manceuvre brought into view the tentorium lateral to the mid-line and 
as far as its anterior margin, and when followed by its reflection 
laterally, exposed the superior surface of the cerebellum. The arachnoid 
over the anterior portion of the cerebellar hemisphere was incised with 
the cutting current, releasing the spinal fluid of the cisterna ambiens. 
At the same time small vessels which occasionally pass from the anterior 
margin of the cerebellum, and which may cause persistent bleeding, 
were coagulated. Using a cotton pledget to protect the cerebellum, it 
was then possible to retract the anterior margin of the hemisphere from 
the colliculi and bring into view the superior cerebellar peduncle. With 
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a sharp iridectomy knife the latter was sectioned just before it entered 
the brain-stem. If this was carefully done no bleeding occurred. The 
tentorium was replaced but not sewn, and the occipital lobe allowed t 
fall back over the posterior fossa. Using the above precautions in 
almost every case the dura was closed without difficulty. The bone 
flap was replaced and skin sutured in the usual manner in anatomical 


layers. 

fnatomical controls.— The histopathological technique for the 
anatomical control of these cases was carried out in the Neurological 
Laboratory of Professor B. Brouwer at Amsterdam, Holland, by one 
of us (A.E.W.) who wishes to express his appreciation for the facilities 
which were placed at his disposal. Every case included in the present 
report has been histologically verified. In five cases serial sections 
through the cerebellum and mesencephalon were cut and every twenty 
fifth section stained according to the Nissl technique. In three cases 
the brains were treated according to the Marchi technique and sectioned 
serially, every fourth section being mounted. In one case, in which 
the cerebellum was subsequently removed, the latter was sectioned 
serially, stained by Nissl technique and the cells of the dentate nucleus 
examined for retrograde changes in order to determine the completeness 
of the peduncular section. In one case serial sections of the site of 
the lesion were made and stained according to the Weigert-Pal method 
for myelin. In the remaining cases blocks, slightly posterior to the 
inferior colliculus have been cut and stained for myelin to verify the 
lesion. Further anatomical control of these last cases (serial section of 
the lesion and cerebellum) is being carried out at the present time. 
The myelin sections present clear evidence of the extent of the lesion 
of the peduncle by reason of the absence of myelinated fibres or a clear 
area in the usually darkly staining area occupied by the brachium 


conjunctivum. 


1I.—THE SYNDROME FOLLOWING UNILATERAL SECTION OF THE 
SUPERIOR CEREBELLAR PEDUNCLE. 


(1) Immediate effects. 

Day of operation.—Usually the animal recovered consciousness 
within six hours after operation. In attempting movement at this 
time, it was very unsteady and swayed or fell from side to side in the 
cage. If offered food, it reached with the upper extremity on the side 
of the lesion. The movement was accompanied by a wild tremor and 
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usually the food was knocked away some distance, or if a dish of water 
was the goal, it was spilt. 

In a few cases there was a coarse nystagmus in both eyes on looking 
to the side of the lesion, but some animals showed no nystagmus even at 
that time. No weakness in any muscle group was apparent in any 
part of the body. Only two animals were examined at this time. They 
showed no significant change in the resistance to passive movements in 


any group of muscles. 

First post-operative day.—By the first post-operative day the 
unimal had recovered from the effects of the anzsthetic and was no 
longer drowsy. It squatted in the corner of the cage, holding on to 
the wire netting with one (usually that contralateral to the lesion) or 
both hands. It did not move about the cage, but when disturbed 
swayed unsteadily from side to side. In a few cases there was a spon- 
taneous nodding tremor of the head for a day or two. When the 
animal attempted to walk or run about, it staggered and fell, usually to 
the side of the lesion. In progression the animal did not raise its 
buttocks from the floor. The hind limb on the side of the lesion 
frequently gave way beneath the weight of the animal. Progression 
was accomplished by alternately flinging the fore limbs well forward and 
shuffling along with the hind ones. Even this frequently caused the 
animal to fall to the affected side, necessitating wild movements of the 
limbs to right itself. 

An occasional animal had a homonymous hemianopsia in the fields 
of vision contralateral to the lesion. When present it usually dis- 
appeared within a week. A few animals had a slow, coarse horizontal 
nystagmus on looking to the side of the lesion. This, however, never 
lasted longer than forty-eight hours, and usually there was no other 
cranial nerve involvement. Occasionally the 4th nerve was damaged, 
producing an internal strabismus and some weakness of the ipsilateral 
eye in downward and outward gaze. 

The tendon reflexes were in general sluggish, but about the same 
on both sides. In a few animals the contralateral knee-jerk was 
increased somewhat for a few days post-operatively. In some cases the 
knee-jerk on the ipsilateral side temporarily took on a pendular quality. 
The responses to plantar stimulation on both sides was either absent 
or flexor in type. Pin-prick response was equally poor on the two 
sides. 

Although the ipsilateral hind-leg did not support the body adequately 
in walking, no motor weakness could be detected on examination. 
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Usually the animals favoured the ipsilateral extremities during the first 
post-operative day. When these were used to reach for food a severe 
tremor developed, the limb, oscillating through a range of 4 to 5 cm., 
often dislodging the desired object. The food was carried unsteadily t 
the mouth, and the hand frequently shot past the mouth or struck it 
so hard that the object was knocked to the floor. When this did not 
occur, there was a marked oscillatory tremor persisting until the animal 
disposed of the morsel. Movements of mastication were normal. 

Examinations were made to determine the resistance to passive 
movements in the different muscle groups at frequent intervals following 
operation. Usually the ipsilateral limbs were less resistant to passive 
movements at all joints and were more floppy than the contralateral 
extremities. In some animals, however, no decrease in resistance was 
detected. Within a few days there was no difference in the resistance 
to passive movement of the joints of the two sides, save in an occasional 
animal. Accordingly, decreased resistance to passive movement or 
‘hypotonia ’’ was not an outstanding sign in this series. 

In the ipsilateral limbs placing and hopping reactions were disturbed 
temporarily, but within a few days there was no difference between the 
two sides. In spite of repeated examinations for vasomoter changes in 
these animals, none was detected. 

In about half the cases a definite paresis of piloerection was noticed 
on the ipsilateral side of the trunk. It was difficult to detect any 
difference in the extremities. This would appear to be the result of 
involvement of neighbouring structures of the brain-stem and not due 
to the section of the superior cerebellar peduncle. 

At rest in the squatting position, even on the first post-operative day, 
the animal assumed a normal general posture except that a tilt of the 
head caused the eye ipsilateral to the lesion to be slightly higher than 
the contralateral eye. At rest in the squatting or sitting position, the 
posture of the extremities was not symmetrical but the limbs did not 
assume markedly abnormal positions. During the first few post- 
operative days the animal walked with the buttocks almost scraping the 
floor and the affected side juxtaposed to the wall. Even with this 
support it fell frequently. This was aggravated by the unsteadiness of 
the semiflexed ipsilateral hind limb. When the animal was able to walk 
without support, the disturbance in gait was even more marked. The 
base was definitely wide on the side of the lesion. The normal rhythm 
was disturbed because of the irregularities in range and direction in the 
movements of the ipsilateral limbs. The stride was further interrupted 
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by the variable force of the movements of progression. This either threw 
the animal high to one side or failed to support the body adequately. 
3ecause of the disturbance of the ipsilateral extremities, the hind limbs 
did not track well, but deviated to the side of the lesion so that the 
inimal came to run sideways. These irregularities in gait gradually 
improved and in approximately two weeks the animal was usually able 
to run about without falling, although the stride was still irregular in 
both rhythm and force, and the base definitely widened. 


(2) Late Effects. 

Within a few weeks of the operation the acute signs subsided and 
after a period of six weeks there was but little change from day to day. 
The head remained slightly tilted to the side contralateral to the lesion. 
No motor weakness was apparent and the tendon reflexes were 
moderately active on the two sides. The intention tremor in the ipsi- 
lateral upper extremity was minimal, and usually masked by the 
disinclination of the animal to use the limb and the deliberate manner 
in which it was employed. There was no significant difference between 
the resistance to passive movement in corresponding muscle groups on 
the two sides of the body, nor was there any hypotonia. The gait still 
showed a definite but slight irregularity. The base was widened on the 
side of the lesion. The stride, while regular, was not as smooth as that 
of a normal animal, and one could still detect a trace of high-stepping 
and unsteadiness of the movements of the ipsilateral limbs. When 
walking a narrow ledge the ipsilateral limbs occasionally missed, and not 
infrequently were awkwardly placed, and then corrected. The animal 
showed hesitance in placing the ipsilateral limb upon the ledge and not 
infrequently refused to use the hind limb in this test. This minimal 
deficiency in gait, and an unsteadiness of the ipsilateral fore-limb in 


voluntary movement, persisted as long as any animal was observed (in 


one case seven months). 


Haperiment 1.—Section of the left superior cerebellar peduncle: marked ataxia 
of the ipsilateral extremities gradually decreasing (S.P. No. 16). 


Operation.—The subject of this experiment was a normal immature male, 
Vacaca mulatta, On February 12, 1936, under sodium amytal anesthesia the 
occipital lobe was elevated after division of two small veins passing from the 
cortex to the lateral sinus. The left superior cerebellar peduncle was sectioned 
with a sharp iridectomy knife following the exposure described above. No 
bleeding was encountered and the exposed cerebellar tissue appeared to be 


uninjured. 
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Post-operative notes.—First day: The animal sat in the cage clinging to the 
bars. Although its motor activity was slow, each movement was jerky and 
tremulous. At rest, there was no tremor of the body or extremities but 
occasionally a fine nodding tremor of the head was apparent. The visual fields 
appeared to be full. The animal had a full range of external ocular movements 
and no nystagmus upon looking in any direction. Facial movements were full 
on the two sides. The tendon reflexes were equally sluggish on the two sides ; 
stimulation of the plantar surface of the feet evoked no response. The animal 
preferred to use the left upper extremity in reaching for food. Such a move- 
ment provoked a marked oscillatory tremor of the limbs so that frequently the 
morsel was knocked away. Once grasped, the food was carried to the mouth 
with relatively little unsteadiness except for terminal tremor. 

No paresis or paralysis could be demonstrated. There was no definite 
abnormality in the resistance to passive movement of any joint, although at 
times there seemed to be less resistance in all muscle groups of the proximal! 
joints of the right extremities than in those of the left extremities. The animal 
was unable to walk or run. Such an attempt resulted in wild swaying and 
falling to either the right or left side. Pin-prick appeared to be appreciated 
equally on the two sides. 

Second day: In the cage the animal squatted in one position for long 
periods without moving, but did not cling to the wire. At rest the head was 
slightly tilted to the right so that the right eye was lower than the left, and 
there was no tremor of the head or of any part of the body. 

Examination of the cranial nerves revealed no abnormality. There was 
no visual defect and no nystagmus. The tendon reflexes remained sluggish ; 
both plantar responses were flexor. There was no paresis of the extremities, 
although the animal preferred to use the left hand. The marked terminal 
tremor persisted. There was neither increased nor decreased resistance to 


passive movement in the extremities. When the animal was persuaded to 


walk it exhibited a marked unsteadiness, falling frequently to the left and 
occasionally to the right. Progression was accomplished by alternately flinging 
the fore-limbs, particularly the left upper extremity, far forward. In this 
movement the left fore-limb was widely abducted. The hips were but slightly 
elevated from the floor and the hind legs awkwardly pushed the animal forward. 
During this, the left lower extremity frequently dragged or gave way, precipi- 
tating the animal on its left thigh. Occasionally the left hind limb struck the 
right, and the animal tripped. At times the left hind limb was placed upon 
or became entangled with the left fore-limb. The animal never walked upon 
the dorsum of the foot. When it became excited there was more piloerection 
on the right side of the back than on the left. 

Fifth day: The head was still maintained slightly tilted to the right. 
Neurological examination showed essentially the same findings as on the 
second day. The animal still crouched when walking and swayed markedly. 
The left hind leg frequently gave way, precipitating a fall. 

Eleventh day: The gait was improving and the animal rarely fell. The 
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stride was quite irregular and there was a tendency to deviate to the left, 
owing to errors in the movements of these limbs. There was a suggestion of 
weakness of the left limbs as compared with the right. A moderate degree of 
taxia was still present in the left upper extremity. The remainder of the 
neurological examination was negative. 

Twenty-third day: At rest the animal squatted with the head on a hori- 
ontal plane and was able to run about without falling. The left extremities 
were still unsteady, and high stepping on the left broke the rhythm of the 
stride. There was a definite tendency for the hind limbs to track to the left 
f the fore ones. When made to walk a ledge, the left extremities were 
vwkward and missed the ledge every third or fourth time. There was a definite 
itaxia of the left upper extremity best seen when the animal reached for food. 
Examination revealed no abnormality of the reflex muscular status or sensation. 


There was no gross muscular weakness. 

Thirty-first day: There was still a marked disturbance in the gait, and 
some ataxia on voluntary movement of the left upper extremity. 

Forty-first day: The animal squatted in a normal position. The head was 
at times slightly tilted. There was still an irregularity in the stride of the left 
extremities, and the base was widened on the left side. A slight left-sided 
paresis of piloerection was present. Hopping reactions were normal, but there 


was a slight lag in the placing reaction of the left fore-limb. 

Sixty-first day: The position of the head was normal. It was difficult to 
letect any ataxia of the left upper extremity. The irregularity of the stride 
persisted and the hind limbs tracked to the left of the fore-limbs. When 
walking a narrow ledge, the left upper extremities did not place precisely. 

Seventy-eighth day: The stride was not smooth and even, for the left limbs 
abducted as the animal ran along, and the left hind leg occasionally hit the 
right hind-limb. The left fore-limb was sometimes swung too far forward. 
This hypermetria was only occasionally present. The animal did not fall. 
When walking along the ledge the left extremities missed approximately once 
in six trials, and the animal was disinclined to place the left foot on the ledge. 
Examination of the cranial nerves, reflexes and sensation failed to reveal any 
abnormality. 

Examination revealed no gross weakness of any muscle group. When 
reaching for objects, there was still some unsteadiness and terminal tremor in 
the left upper extremity. The tremor was through a very small range and did 
not exhibit the wide oscillations seen in the more recent post-operative state. 
There was no difference in resistance to passive movement of any joint in the 
extremities of either side, but there seemed to be slightly more floppiness in 
the left wrist than in the right as tested by shaking the limb. 

The animal showed no deficiency whatsoever in the placing and hopping 
reactions of the extremities. Usually the left extremity was placed more 
quickly than the right. 

When the animal became excited there was slight paresis of piloerection 


on the left side. 
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Seventy-ninth day: At this time the right superior cerebellar peduncle was 
sectioned. The syndrome following this, with the anatomical findings, will be 


presented in the next section of this paper. 
(3) Discussion. 


In monkeys the conspicuous signs of cerebellar deficit which follow 
unilateral section of the superior cerebellar peduncle diminish rapidly 


in intensity but never disappear ; briefly stated they consist of ataxia, 


with dysmetria, affecting the extremities predominantly. After a few 
months scant abnormality is noted in the limited activities of the animal 
in the cage, but if it becomes excited, fatigued, or forced to use its 


— 


Fig. 1(S.P. No. 20).—Section at the level of the inferior colliculus from an animal in 
which the posterior portions of both inferior colliculi were incised to the aqueduct. 
(Weigert-Pal stain: x 8.) 


affected extremities for delicate movements, the cerebellar deficiency is 
once more manifest. 

Section of the superior cerebellar peduncle as performed in the above 
operation severs the following systems: the brachium conjunctivum 
(dentato-rubro-thalamic tract), the ventral spinocerebellar tract and t he 
hook bundle. Some of the operations have damaged the dorsal part of 
the tectum and have undoubtedly injured tracts lying near the superior 
cerebellar peduncle, such as the spinothalamic, secondary trigeminal 
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tract and reticular bundles from the hypothalamic region. As 
anatomical examinations of the material has shown, these latter have 
not been constantly damaged by the lesions, and hence they cannot be 
considered responsible for the preduction of the syndrome, which was 
practically the same in each case. Injury to constituents of the superior 
cerebellar peduncle seems to be the etiological factor. The part played 
in the syndrome by each component of the peduncle has not been 
analysed in detail, but we are of the opinion that the réle of the ventral 
spinocerebellar tract and the hook bundle in the production of the 
cerebellar signs shown by these animals is not very great, but that 
interruption of the brachium conjunctivum plays the most prominent 
part. Itis true that some slight damage is done to the anterior margin 
of the cerebellum at the time of operation, and this requires consideration. 

The effect of such coincidental damage to the cerebellum and tectum 
has been thoroughly investigated. In three animals the entire opera- 
tive procedure has been carried out with the exception of the section of 


the peduncle. In each case the peduncle was clearly visible. In none 
of these cases was there the slightest disturbance within twenty-four 
hours of operation. In three cases the superior cerebellar peduncle was 
sectioned after removal of the ipsilateral occipital lobe, thus avoiding 
appreciable damage to the cerebellar cortex. In one animal an incision 


was made across the posterior margins of both inferior colliculi; the 
following day the animal showed no abnormality in gait or motor 
performance (fig. 1). As an added control in one animal the anterior 


part of the cerebellar cortex was ablated. 
Experiment 2.—Small ablation of the corter of the left cerebellar hemisphere ; 
slight dysmetria; sacrifice one hundred and nine days after the primary 

procedure. S.P. No. 21. 

Operation. — The subject of the experiment was an immature female 
Macaca mulatta. On April 2), 1936, under sodium amytal anesthesia the 
dura was opened, the occipital lobe elevated and the tentorium incised to 
the incisura. By blunt dissection a lesion 5 to 6 mm. in diameter and 3 to 
{ mm. deep was made in the anterior portion of the left cerebellar cortex 
fig. 2). There was but slight bleeding which was readily controlled. The 
occipital lobe was replaced, the dura tightly closed and the skin incision 
sutured with black silk. 

Post-operative notes.—First day: The animal was quite lively and when 
placed in the corridor quickly ran from end to end. The stride was regular, 
but the left extremities showed high stepping. Occasionally the animal fell to 
the left side. There was no spontaneous tremor of any part of the body, and 
no tremor on volitional movement. It had no nystagmus. 
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Third day: The animal showed no abnormality of posture nor muscular 
tone. No motor weakness was apparent. The right upper extremity was 
preferred, but when the left was used there was little unsteadiness and n 
When the animal ran about in the corridor it deviated slightly to th. 


tremor. 
30th left limbs were slightly abducted. The hind limbs did not 


right side. 


track well, but there was no constant deviation. There was still a slight 
hypermetria in the stride of the left fore limb. The cranial nerves functioned 


normally, and there was no nystagmus. 

Fifth day: The animal fumbled a little when reaching for an object with 
the left upper extremity. There was no tremor. When running the left 
extremities were raised higher than the right, but the stride was even and 


regular and the animal did not fall. The animal jumped about, never missin; 


its goal. 


Fic. 2 (S.P. No. 21).—To show the ablation of the cerebellar cortex on the left side 
and the absence of injury to the cortex on the right side. (x 2.) 


Eighth day: There was slight high stepping on the left side, and a week 
later this was barely noticeable. At that time the animal never ran into the 
wall, jumped accurately, and showed no ataxia in reaching for objects. 
Neurological examination was negative. 

Second operation.—On the eighteenth day the right superior cerebellar 
peduncle was sectioned after removal of the right occipital lobe and the 
syndrome previously described was present and followed the usual course. 
On the sixty-fifth day the tip of the left temporal lobe was removed, and 
one hundred and nine days after the first operation the animal was sacrificed. 

Pathological anatomy.—Gross examination showed a circular depression on 
the superior surface of the left cerebellar hemisphere reaching from the 
primary fissure to the anterior margin of the cerebellum and extending laterally 
from the vermis. A very superficial lesion was present on the anterior margin 
of the right cerebellar hemisphere. Serial sections of the pons, cerebellum 
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and caudal part of the mesencephalon show that the cortex anterior to the 
primary fissure from the lateral margin of the vermis almost to the parafloc- 
culus, has been ablated on the left side. Theright superior cerebellar peduncle 


is completely sectioned just above the brain stem (figs. 2 and 3). 


Fic. 3. Serial sections of the cerebellum of S.P. No. 21 (Case 2) to show the actual 
extent of the damage to the deeper structures of the cerebellum. The lesions are in black. 
(The numbers refer to the number of the section from which the drawing was made.) 


On the basis of these, which we believe are rigid controls, it is our 
contention that the signs of inco-ordinated motor activity following 
section of the superior cerebellar peduncle is not due to co-incidental 
damage of adjacent structures but largely to interruption of efferent 


pathways. 


III.—THE SYNDROME FOLLOWING SECTION OF BoTH SUPERIUR 
CEREBELLAR PEDUNCLES. 
(1) Simultaneous Section. 
Simultaneous bilateral section of the superior cerebellar peduncles 
has been carried out in two animals. Following this procedure the 
animals were prostrated for several days and required tube feeding. 


Occasionally spontaneous tremors of the extremities were observed and 
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although movements were minimal, all voluntary activity showed 
extreme ataxia, with marked tremor and dysmetria. Any attempt to 
lift the head resulted in extreme swaying of head and trunk. One 
animal was able to sit up after a week by steadying itself with a hand 
against the cage. The head was usually tilted to the side upon which 
the operation had been performed. There was marked nodding tremor 
of the head for several weeks. A horizontal nystagmus, and in one case 
a vertical nystagmus, persisted for a few days. The visual fields were full 
There was no facial weakness. The tendon reflexes, sluggish at first, 
became active later and were equal on the two sides. Pin-prick seemed 
to be appreciated equally everywhere. During the first week slight 
weakness was present in the extremities contralateral to the operated 
side. ‘There was no abnormality in the resistance to passive movement 
in any muscle group. 

It was not until two or three weeks following operation that the 
animals were able to walk. At first the gait consisted of pulling the 
body forward by fore-limbs, the buttocks and the flexed hind-limbs 
scraping the floor. Later the hind-limbs were slightly extended so that 
the buttocks were just raised from the floor. Thetrunk was not carried 


upon all four limbs for six to seven weeks following operation. In the 


early stages of recovery, in spite of the low centre of gravity, the animals 
swayed and fell from side to side. When the hind-limbs began to 
participate in the stride, marked irregularity of the force of the move- 
ments was evident, throwing the animal to one side and often pre- 
cipitating a fall. Errors of range and rate of movement were also 
present. The kinetic tremor of the extremities became less marked in 
the course of a few weeks, but was present and definite as long as the 
animals were observed (in one case four months). After the first two 
months following operation there was little change in the syndrome; 


the ataxia improved very slowly. 


Experiment 3.—Section of hoth superior cerebellar peduncles ; severe lasting 
ataxia of all four extremities ; removal of cerebellum eighty-six days afte) 


the primary operation; slight exaggeration of symptoms (S.P. No. 14). 


Operation.—The subject of this experiment was an immature macaque. 
On February 10, 1936, under sodium amytal anesthesia the left occipital lobe 
was elevated and the anterior portion of the cerebellum retracted; both 
superior cerebellar peduncles were then sectioned with a sharp iridectomy 
knife. The dura was firmly closed, the bone flap was replaced, and the skin 
sutured. 

Post-operative notes.—On the first day the animal’s general condition was 
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sood, but it was prostrated and lay prone on the floor with the head turned to 
the right. Occasionally there were spontaneous tremors of the left leg 
involving mainly the flexors and extensors of the hip. The animal preferred 
to use the left limbs, but the right limbs were moved about slightly. Move- 
ments of the extremities were through a small range and complicated by a 
severe, discursive oscillating tremor. Visual fields were full to gross tests. 
[here did not appear to be any limitation of external ocular movements, but 
vertical nystagmus, with the quick component upward, was present. Occa- 
sionally horizontal nystagmus appeared on looking to the left with a counter- 
clockwise rotatory component. The tendon reflexes were moderately active 
ind equal on the two sides. There was no difference in the resistance to 
passive movement of the extremities right or left ; it was neither increased nor 
lecreased, 

Third day: The animal was still prostrated and moved around but little. 
[ft was unable to sit up or walk. When its head was raised a pronounced side 
to side tremor developed; even when lying quietly there was occasionally a 
tremor of the whole body. Volitional movement of the extremities were so 
itaxie that the animal fed by bringing its mouth to the food. The extremities 
were moved but seldom, the right less than the left. The tendon reflexes 
were sluggish on the two sides but of the same quality. There was no 
abnormality in the resistance to passive movement on the two sides. The 
limbs were not © hypotonic.” 

Seventh day: The animal continued to lie on its abdomen, although it was 
uble to sit up by supporting itself against the side of the cage. At rest in the 


prone position there was no spontaneous tremor of the body. When the 


nimal raised its head a nodding tremor developed, and when squatting a 
tremor of the right upper and lower extremity (mainly abduction and adduction 
of the thigh) was occasionally seen. There was no hemianopsia. External 
movements were quite full and there was no nystagmus on looking in any 
direction. The animal still preferred the left limbs to the right, but there 
was no abnormality in the reflex muscular state on either side. 

Thirteenth day : The animal lay prone much of the time, but now pulled 
tself forward by the fore-limbs. It was unable to stand unsupported, but by 
leaning against the side of the cage it could maintain a squatting position, 
occasionally falling to the unsupported side. Voluntary movements of the 
extremities were markedly ataxic, and tremor of such severity occurred that 
the animal was frequently unable to pick up a desired object. There was no 
longer any nystagmus. The reflex muscular status continued to be normal. 

Twenty-sixth day: Usually the animal was seen sitting against the side of 

e cage with the head tilted tothe right. There were no tremors of the body 
or limbs at rest. Both hands were used in picking up food, exhibiting a 
violent tremor which frequently dislodged the morsel from the hand. There 
was still a preference for the left hand. The animal was now able to walk 
cautiously. It barely raised the buttocks from the floor, projected the fore- 
limb (usually the left) forward, often with so much force that the animal fell 
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to that side. If the latter did not occur, the right fore-limb was awkwardly 
thrown out and the himb-limbs shuftled forward. By this means, wit] 
frequent falls, the animal was able to move twenty feet in four or five minutes 

The cranial nerves presented no abnormalities except a slight right lowe 
facial weakness. There seemed to be a slight weakness of the right extremities 
and the tendon reflexes on that side were more active than those on the left 
There was slightly increased resistance to passive movement in both flexors 
and extensors of the elbow and knee on the right side. The pilomotor responsé 
was the same on the two sides 

Thirty-second day: The animal’s general condition continued to improve 
It sat or squatted against the cage wall with no tremor at rest. Wher 
standing without support, a swaying tremor of the body developed and t 
animal usually fell to the right side. The cranial nerves showed no abnor 
mality except a slight right facial weakness. There was no evidence 
increased or decreased resistance to passive movement in any group of muscles 
The tendon reflexes were equal on the two sides 

Forty-eighth day: The animal was improving daily both in its general ar 
neurological condition It was now able to walk upright on all four limbs 
but was extremely ataxic, falling to either side. The ataxia of the extremities 
was particularly pronounced when the animal reached for an object, a seve! 
oscillating terminal tremor developing. 

Fifty-seventh day : The animal was able to walk and run about, but st 
fell frequently owing to marked ataxia of the extremities. The reflex neuro 
muscular state remained normal. 

At this time the upper portion of the premotor area of the right fronta 
lobe was removed The animal had an uneventful convalescence, and the 
marked cerebellar syndrome continued without conspicuous alteration. Fo 
several weeks following this second operation a forced grasp could be obtained 
from the left upper extremity. 

Kighty-sixth day: The animal still had a marked irregularity in the ga 


t 


swinging from side to side on a very wide base. When it reached for a1 
object an oscillating tremor of the extremity became superimposed upon t 
jerkiness of the movement. When carrying food to the mouth a similar 
tremor developed with such severity that the morsel not infrequently was 
knocked from the animal's grasp. 

Third operator Decerebellation.—On the eighty-sixth post-operative da\ 
under sodium amytal anesthesia a suboccipital craniectomy was performed 
and after sectioning the inferior and middle cerebellar peduncles on both sides 
the entire cerebellum was removed. 

Although completely prostrated for several days the animal was able t 
take food. Within a week it crawled about but could not squat without 
support. Volitional movements of the limbs were minimal and were accom 
panied by a tremor of about the same intensity as that before the third 
operation. A marked nystagmus was present, accentuated when the animal 
looked to the left. The animal’s neurological state slowly improved, but even 
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ut the time of sacrifice, one hundred and sixty-two days after the primary 
operation, it was unable to walk without falling. 

Pathological anatomy.—The cerebellum was placed in 95 per cent. alcohol, 
and after embedding in celloidin was cut serially at 25 “ and every twenty- 
fifth section stained with 0°1 percent thionin. The dentate nucleus was then 
carefully studied microscopically. Almost all of its cells were shrunken and 
ingular. The majority stained diffusely so that the nucleus could only be dis- 
tinguished with difficulty. In other cells the nucleus was eccentric, and the 
cell cytoplasm diffusely and darkly stained. The dentate nuclei were not 
lirectly damaged by the primary operation. While the alterations in the 
constituent cells of the dentate nuclei are not the same as the retrograde cell 
:hanges seen in some other parts of the central nervous system such as the 
thalamus, the changes are sufficiently definite to state that the axones of 
ilmost all the cells of both dentate nuclei were interrupted; in other words, 
the section of the brachia conjunctiva was practically complete. Examination 
of the brain-stem of this animal at the time of sacrifice showed no gross 
damage to the mesencephalon in the region of the inferior colliculi. 


2) Successive Section of the Superior Cerebellar Peduneles. 


Section of both superior cerebellar peduncles in two stages has been 
carried out in two animals. When so performed the operative proce- 
lures are not nearly so disturbing as simultaneous bilateral section. 


The clinical picture, once the acute stage has passed, is practically the 


same. For this reason no further description other than one protocol 


will be presented. 


KNxperiment 1 (continued).—Section of the left superior cerebellar peduncle : 
marked ataxia of the ipsilateral extremities gradually decreasing. Seventy- 
nine days later section of the right superior cerebellar peduncle ; severe per- 
sisting ataxia with slow improvement. Sacrifice one hundred and fifty days 
after the primary operation ; autopsy (S.P. No. 15). 

The effects of primary operation have been described in the first section 
of this paper. At the time of the second operation the animal’s neurological 
status was almost stationary. 

Second operation.—On May 1, 1936, under sodium’ amytal anesthesia the 

ht superior cerebellar peduncle was exposed and sectioned. 

Post-operative notes.—Eight hours after operation the animal was reeling 
ubout, and on reaching the right upper extremity exhibited a marked oscillatory 
tremor through a range of 5 to 8 cm.; the left upper extremity was moderately 
itaxic—more so than previous to this second operation—-but the ataxia was 
not nearly as severe as in the right upper limb. 

First day: The animal had great difficulty in sitting upright and con- 
stantly clung to the side of the cage. When reaching for objects both upper 
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extremities showed a severe oscillating tremor with dysmetria, but more 
pronounced on the right. When attempting to walk the animal literally fell 
all over itself and was unable to progress. External ocular movements were 
full and there was no nystagmus. No hemianopsia was demonstrable. 
Passive manipulation of the extremities showed little change in the resistance 
and no difference on the two sides. 

Third day: The animal still clung to the cage. When placed on the floo 
it assumed a squatting position with a wide base and slightly asymmetrical 
postures of the extremities; the body swayed from side to side, and the 


animal staggered to the wall for support. The gait was irregular and dis- 
orderly The limbs were flung about wildly as the animal leaped first to this 
side and then that, falling to right or left every few strides and crashing int 
any obstacles in its path. There was no apparent facial weakness but the 
buccal pouches were crammed full of food, possibly an indication of some 
difficulty in mastication. The animal vocalized loudly. No paralysis o1 
paresis was apparent in any part of the body. The tendon reflexes wer: 
sluggish throughout, the left knee-jerk appearing slightly more active than the 
right. Both plantar reflexes were flexor. All four extremities were ataxie. 
The left limbs decomposed their movements in a jerky fashion with slight 


tremor; the right ones exhibited wide oscillatory tremors, particularly 
pronounced as the limb approached its goal. 

Pin-prick seemed to be equally appreciated on the two sides. Placing and 
hopping reactions were active bilaterally. A slight paresis of piloerection 
on the left side was apparent when the animal became excited. 

Fifth day: The swaying tremor of the trunk was no longer present, but 
the animal still maintained a squatting position with difficulty even on a wide 
base. The severe disturbances of the gait remained about the same. The 
ataxia of the extremities upon volitional movement was unchanged, the right 
exhibiting more tremor and unsteadiness than the left. 

Eleventh day: In the cage the animal still clung to the wire for support. 
At times there was a slight nodding or side to side tremor of the head, and 
occasionally of the body. When forced to squat on the floor the limbs 
assumed a wide base, but even this did not prevent swaying and falling. — It 
moved about by flinging the right upper extremity forward and projecting the 
body by contraction of the semi-flexed hind-limbs. This contraction was 
frequently of undue force, propelling the body abnormally high or laterally in 
the air and causing the animal to fling out the fore-limbs to break the fall 
The right lower extremity sometimes failed to support the body at the prope 
time and the animal fell on the lateral aspect of the thigh. The walking 
posture was one of semi-extension of the fore-limbs and semi-flexion of the 
lower extremities so that the buttocks just scraped or cleared the floor. 

The severe tremor of the right upper extremity upon volitional movement 
was less prominent than previously and there was little difference in the ataxia 
affecting the two upper extremities ; both showed decomposition of movement, 
dysmetria, terminal tremor and fumbling. The resistance to passive manipula- 
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tion was carefully examined but neither hyper- nor hypotonia could be detected. 
The reflex neuro-muscular state remained as previously. 

Twenty-eighth day: The animal was able to climb about the cage without 
much difficulty although the body still swayed at times. The gait was so 
irregular that there was practically no stride, the animal staggering from one 
side to the other with occasional falls and high leaps into the air. At rest 
there was no tremor of the body or head. When reaching for an object with 
either upper extremity ataxia was quite pronounced ; even when holding an 


object there was a slight tremor of the fingers and hands. 

Fifty-sixth day : The animal was much steadier that at the earlier examina- 
tions, but still very awkward. The animal stood upon all four extremities 
when walking, and although frequently interrupted, progressive movements 
had a rhythm. The fore-limbs were usually widely abducted and the hind 


Fie. 4 (S.P. No. 15).—Photomicrograph to show the lesions in Experiment 1. 
(Niss] stain: x 12.) 


ones exhibited high stepping. Occasionally the movement of an extremity was 
with undue force throwing the animal to one side. The hind-limbs frequently 
struck each other or one of the fore-limbs, at times causing a fall. 

Reaching for an object with either fore-limb exhibited decomposition of 
the movement, slight dysmetria and a terminal oscillating tremor through a 
small range. The ataxia of the upper extremities was about the same on the 
two sides. There was no abnormality in the reflexes. 

Sixty-sixth day: When squatting the animal assumed a wide base, but the 
extremities maintained otherwise a normal posture. No spontaneous tremor 
of any part of the body occurred when the animal was quiet, but when excited 
a fine nodding tremor of the head was apparent. The gait was still quite 
irregular and ona wide base. The limbs were lifted too high and placed too 
wide. The stride was broken by the irregular force of the contractions of the 
extremities. The animal occasionally fell. Volitional movements of the 
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upper extremities were performed with some decomposition into their con 
stituent parts and showed slight dysmetria, terminal tremor manifesting itsel! 
most prominently by fumbling. 

To confrontation tests the visual fields were normal, the pupils equal an 
reacting well to direct light. External ocular movements were full and ther 
was no nystagmus. The tendon reflexes were moderately active throughout and 
equal on the two sides. There was no motor weakness. No abnormalities 
were detected in the resistance to passive movement of any part of the body 
The placing and hopping reactions were active on both sides of the body. 

\t this time the right occipital lobe was ablated in order to facilitate 
stimulation of the cerebellar cortex at a later date. Five days later, seventy 
one days after the secondary operation and one hundred and fifty days afte 
the primary operation, the animal was sacrificed. 

Pathological anatomy.—Gross examination of the specimen at autopsy 
showed a slight injury to the superficial cortex of the anterior margin of both 
cerebellar hemispheres. The pons, cerebellum and mesencephalon were 
embedded in celloidin, sectioned serially at 30 # and every twenty-fifth 
section stained with thionin. An examination of these preparations showed 
that the superior cerebellar peduncle had been sectioned completely on the left 
side and except for the inferior hook similarly on the right side (fig. 4). The 
dentate nucleus was not damaged on either side, and the brain stem only 


slightly injured at the site of the section. 


Discussion. 


It is apparent that bilateral section of the superior cerebellar 
peduncles produces a severe and persisting inco-ordination of volitional 
movement. ‘This disturbance is more than the arithmetic sum of the 
disability produced by two unilateral sections of the superior cerebellar 
peduncle. The gait is a striking example of this fact. Within a few 
weeks the animal with a unilateral section of the superior cerebellar 
peduncle is able to walk around without falling, whereas a monkey with 
both superior cerebellar peduncles cut staggers and falls even after four 
months. Moreover, certain features which are slight in the unilateral 


preparation become prominent when both superior cerebellar peduncles 
are sectioned. The tremor of the head and trunk is an illustration. In 


unilateral preparations a nodding tremor of the head is present at most 
for a few days, and in some cases may not occur at all. By contrast, 
the animal with both peduncles sectioned shows a severe tremor of 
the head and trunk during the acute stage of the syndrome, and 
after some months may exhibit the same tremor upon excitement or 
fatigue. 

The accentuation of the ataxia of the contralateral limbs following 
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section of the second superior cerebellar peduncle may be considered as 
inerely the result of forcing the animal to use these extremities for 
more delicate movements, thus bringing out a disability which was 
concealed by the inactivity of the limbs. This is undoubtedly a factor, 
but we believe that it does not entirely explain the phenomena. ‘he 
severity and duration of the disturbances in the bilateral as compared 
with the unilateral preparation, the accentuation of certain signs in 
the contralateral extremities following section of the second peduncle, 
all suggest that the superior cerebellar peduncle while mainly concerned 
in the co-ordination of ipsilateral muscular activity, has also a contra- 
lateral influence. It is the disturbance in gait and the tremor of the 
head and trunk which are most accentuated upon section of the second 
superior cerebellar peduncle. The bilaterality is apparent in the 
responses seen on electrical stimulation of the cerebellum (Magoun, 
Hare and Ranson [5]), and its anatomical basis has been shown by 
Probst |7], Marchi [6], and Walker [9]. 

It seems significant that certain signs of the syndrome are more 
readily compensated than others. The wide oscillating tremor of the 
extremities on volitional movement disappear in large part after a few 
weeks, while the decomposition of movement and dysmetria persist in 


some degree over a long period of time. 








IV.—COMMENT ON THE SYNDROME OF THE SUPERIOR CEREBELLAR 





PEDUNCLE IN THE MONKEY. 

The syndrome of the superior cerebellar peduncle, as we have 
described it, consists of phenomena of cerebellar disturbance, but certain 
signs found in man and generally considered as cerebellar in origin have 
not been present in the syndrome. 

(1) Nystagmus is usually associated with cerebellar lesions, although 
many patients with cerebellar lesions do not exhibit it. This 
phenomenon was found only rarely in the above series and then as a 
transitory sign. Inability to obtain sufficient co-operation from a 
monkey to have the animal fix its gaze upon an object far to one side, 
the optimum position for bringing out nystagmus, may have concealed 
a mild degree of nystagmus in some of the above animals. However, 
in each instance the animal was carefully examined and although a 
normal range of eye movements was seen, no abnormalities were 
detected. It is possible perhaps that previous investigators [1, 2] 
who have described nystagmus as the result of lesions of the superior 
cerebellar peduncle may have damaged other structures in addition to 


the brachium conjunctivum. 
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(2) Hypotonia.—Decreased, but never pronounced, resistance to 
passive manipulation of the extremities have been encountered in this 
series. It has, therefore, been considered that, in the macaque monkey, 
section of the superior cerebellar peduncle does not produce significant 
hypotonia. Other investigators [1,2] have reported such findings, but 
since they have also reported nystagmus in their cases, it may be that in 
the macaque monkey there may have been a common basis for both these 
phenomena in damage to the vestibular complex. 

(3) Spontaneous tremors, choreo-athetoid and rolling movements. 
Such abnormal motor phenomena as these have not been seen in any 
cases in the above series except in certain animals in which damage was 
done to the brain-stem at the time of operation and which died within 
a week afterward. Severe rolling movements and spontaneous tremors 
were present in these cases and were attributed to damage to the brain 
stem. 

In the macaque monkey nystagmus, hypotonia and abnormal 
spontaneous movements should be regarded as due to other than direct 
uncomplicated section of the superior cerebellar peduncle. It is, of 
course, possible that these are the combined effect of section of the 


superior cerebellar peduncle and damage to the brain-stem, and that 


they may not occur with isolated lesions of either of these structures. 
This must be left for further experimentation. In higher primates and 
man such abnormalities apparently may be due to uncomplicated section 
of the brachium conjunctivum. In the chimpanzee, for example, 
cutting the superior cerebellar peduncle produces a marked hypotonia, 
and vascular lesions of the anterior superior cerebellar artery in man 
may cause hypotonia and nystagmus [8]. Such differences in the 
symptomatology of lesions of the superior cerebellar peduncle in the 
ascending phylogenetic scale point to a progressive development of the 
cerebellum both physiologically and anatomically. 

Partial lesions of the superior cerebellar peduncle have been observed, 
but we have not seen selective involvement of the upper or lowe: 
extremity inany case. It is possible that if the lesion were appropriately 
placed such might occur, for there is some evidence of lamination within 
the superior cerebellar peduncle [2,9]. Partial section of the peduncle 
has resulted in a mild syndrome which disappeared with slight residua 
within two weeks. In many cases the inferior hook of the brachium 
conjunctivum has been spared, for this lies within the brain-stem at the 
level of section. This did not appear to affect the clinical picture or 


the course of the syndrome. 
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SUMMARY. 


(1) Unilateral section of the superior cerebellar peduncle in the 


macaque monkey causes a severe ataxia, including tremor, dysmetria 


and decomposition of movement in the ipsilateral extremities. The 


ataxia gradually diminishes but never completely disappears. The 
disturbance is particularly evident in the gait. 

(2) Bilateral section of the superior cerebellar peduncles is followed 
by a similar but more severe and persistent ataxia involving all four 
extremities and to a lesser degree the trunk. 

(3) Nystagmus and hypotonia are, if present at all, transient and 
insignificant. 

(4) Partial section of the superior cerebellar peduncle causes a mild 


and rapidly subsiding syndrome. 


It is a pleasure to acknowledge the kindness of Prof. John F. Fulton under 
whose supervision the above studies were made. His stimulating criticisms 


have been much appreciated. 


The following abbreviations have been used in the illustrations: Aq. = Aqueductus 
Sylvii. 3.C. Brachium conjunctivum. F.L. Fasciculus longitudinalis posterior. 
[ Ol. = Nucleus olivaris inferior, L.= Lesion. L.M. Lemniscus medialis. N.D. 
Nucleus dentatus cerebelli. P.T. Tractus pyramidalis. R, Right side of the brain stem. 
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ATAXIA AND ASTEREOGNOSIS OF BULBAR ORIGIN. 
BY M. DAVID (PARIS) AND H. ASKENASY (BUCHAREST). 


(From the Neuro-Suraical Clink ital de l ilié, aris.) 


Lesions of the medulla oblongata frequently produce a dissocia 
tion of sensation in which sensibility to pain and temperature are chiefly 
affected ; this usually results from a lesion in the retro-olivary reticula: 
substance, the vascular supply of which is derived from the posterion 


and inferior cerebellar arteries. ‘Tactile and deep sensation are less 


frequently disturbed, in fact this type of dissociation can be produced 


only by a small lesion involving the arcuate fibres of the bulbo-thalamic 
tract which pass from the nuclei of Goll and Burdach to the piniforn 
decussation, or by a lesion of these nuclei. In this case there is ataxia 
of movement owing to disturbance of deep sensation. 

Ataxia resulting from disorders of sensation has been rarely observed 
in cases of tumours of the medulla or of the fourth ventricle, and only 
exceptionally in other affections. It has not been reproduced exper!- 
mentally, but as a result of a small lesion of the nuclei of Goll and 
Burdach, in the course of the removal of a hemangioblastoima of the 
medulla oblongata, we have been able to observe it in a pure state 
This syndrome has certain features in common with tabes dorsalis, as 
the presence of ataxia and disorders of the deep sensibility, but it is 


distinguished by normal tendon reflexes. 


Mme. C. Lea, aged 29, was sent to the Neuro-Surgical Clinic of Hopital de 
la Pitié on January 17, 1936, by Dr. Bariéty, of Dr. Troisier’s Clinic at Hopital 
Beaujon, with symptoms of increased intracranial pressure. 

She stated that since the beginning of 1935 she had lost several pounds in 
weight without any apparent cause; nevertheless, her health remained 
satisfactory and she could continue her occupations. In September, 1935, the 
loss of weight became more pronounced, and at the same time headache 
became a prominent symptom. The pain, localized in the occipital region, 
appeared most frequently in the morning on rising, and lasted the entire 
forenoon. It was not controlled by analgesics. 

In the beginning of October, 1935, the headache became more intense and 
was accompanied by radiation of pain to the cervical and scapular regions. 
The patient repeated ceaselessly, I have a pain extending from my neck to 
my shoulders,” or else, “I have a torticollis, and I can’t move.’ The pains 
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seemed to be aggravated by food; they were continuous and made sleep 
impossible. 

During the month of November she developed vomiting of the cerebral 
type in the morning before taking food, but also occasionally during the course 
of the day. At the same time disorders of equilibrium appeared: her gait 
became more and more hesitating and she felt herself drawn sometimes to the 
right side, but more often to the left. These symptoms were accompanied by 
lizziness in which the patient had the impression that everything was rotating 
around her. This gyratory sensation was accompanied at times by loss of 
consciousness lasting several minutes, and was followed by copious vomiting. 
In the beginning of December the patient was obliged to take to bed, as the 
inco-ordination and the vertigo rendered walking impossible, and ocular 
listurbances appeared 

On January 3, 1936, she was admitted to Dr. Troisier’s Clinic, where 


papilledema was noted. She was immediately sent to the Neuro-Surgical 


Clinie of La Pitié. 

A neurological examination at La Pitié was entirely negative. The patient 
suffered, however, with violent headache and she vomited continuously, but 
consciousness was intact. There were no signs of inco-ordination or of ataxia, 
and all forms of sensation were normal. The reflexes were also normal and 
there were no meningeal symptoms. The functions of the cranial nerves were 
unaffected. There was no hiccough. Intelligence was well preserved. 

A general examination revealed no disease. Her blood-pressure was 
120/80: the Bordet-Wassermann reaction was negative: blood urea 40 mg. 
per 100 ¢c.c.; lumbar puncture (performed in Dr. Troisier’s Clinic) revealed 
albumin 1:21 grm., cellular elements 0°2 per c.mm. 

Ocular examination. January 16, 1936 (Dr. Hartmann).—The left eye 
had been enucleated in 1924 after an accident while riding on horseback. In 
the right eye there was slight papilladema; visual acuity was 5/7.50; the 
visual field, the motility of the eye and the pupil were normal. 

Otological exramination. January 17, 1936 (Dr. Winter).—Normal hearing 
on both sides. No tinnitus. There was marked vertigo with apparent 
rotation of external objects which coincided with the headache and the 
vomiting. No spontaneous vestibular symptoms were observed, but Birdny’s 
test produced intense nystagmus on both sides, with inclination of the entire 
body and vertigo, indicating over-excitability of both labyrinths. 

X-ray examination.—Apart from slight separation of the fronto-parietal 
sutures, no abnormal findings were visible in the stereoscopic films. The 
sella turcica, in particular, was of normal contour and dimension. 

The history of the illness, the type of the headache and its characteristic 
radiation to the neck and shoulders, the presence of vertigo and of disturbances 
of equilibrium favoured the diagnosis of neoplasm of the posterior fossa. 
Nevertheless, in view of the absence of any objective cerebellar symptoms a 
ventriculographic exploration was made the morning of the operation. 

Ventriculography.—Bilateral occipital puncture. The two posterior horns 





356 ORIGINAL ARTICLES AND CLINICAL CASES 


were dilated but not displaced, and the fluid was not under increased pressure. 
85 c.c. of air were injected on the right side after removal of 60 c.c. of fluid 
The ventriculograms revealed sy:nmetrical dilatation of both lateral ventricles 
which were neither deformed nor deviated; the third ventricle, which was 
dilated, had normal contours. The aqueduct was visible, but no air entered 
the 4th ventricle. 

The ventriculogram, therefore, confirmed the diagnosis of a neoplasm of th 
posterior fossa. 

Operation. (Drs. M. David and H. Askenasy.)—-Horizontal position and 
local anzsthesia. The usual occipital approach was made for exploration ot! 
the posterior fossa. The posterior arch of the atlas was removed. The dura 


mater of the cerebellar fossa was much more tense on the left side than o1 
the right. A tumour seemed to be visible in the lower part of the cerebellum 
A puncture of the left lobe through the dura-mater resulted in escape of 45 c.c 
of a yellowish fluid which coagulated spontaneously. The dura-mater then 
collapsed and was easily incised. There was a bilateral pressure cone, more 
marked on the left side. The left cerebellar lobe had a yellowish colour at its 
inferior aspect; its lamellae were distended, especially at the lower portion 


++ 


An orange coloured mass about the size of a small date protruded from 1 
It was surrounded by numerous blood-vessels and appeared to be very vascula: 
\fter transverse incision of the left lobe of the cerebellum, it was evident that 
this mass represented a tumour in the wall of the cyst. The mural tumou: 
and the membrane of the cyst were removed in one piece. The 4th ventricle 
was then explored. On separating the tonsils, another tumour similar to the 
preceding was discovered ; it occupied the middle line and was inserted on the 
posterior aspect of the medulla oblongata about 8 mm. below the point of the 
calamus scriptorius. It had elevated during its development several of the 
numerous blood vessels surrounding it. 

With the aid of electrocoagulation, utilizing a very feeble current, the 
tumour was gradually encircled; the blood vessels which surrounded it and 
fixed it firmly to the medulla oblongata were coagulated, and the neoplasm was 
removed in one piece. Its size was that of a hazel-nut. During removal otf 
the tumour, which lasted over half an hour, no disturbance of respiration nor 
any marked modification of the pulse was observed, but on several occasions 
the patient hiccoughed and complained of intense pains in all four extremities. 

A third but much smaller tumour was discovered on the lateral aspect of 
the medulla oblongata at its junction with the spinalcord. This mass appeared 
to be an agglomeration of numerous vascular bundles rather than a true 
neoplasm, and so it was judged useless to attempt its removal. After 
hemostasis and verification of the permeability of the 4th ventricle, the dura 
mater was partially sutured, the bone flap was replaced and the wound was 
closed by muscular and cutaneous sutures. 

Post-operative course——The patient returned to bed in a satisfactory 
condition. Respiration remained regular, although slightly accelerated; the 
temperature oscillated around 98°6 F. Deglutition was undisturbed, but she 
had occasional spasms of hiccoughing. 
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On the second day, the patient complained of an intense sensation of 
formication all over the body, and of inability to localise the position of her 
limbs. There was no paralysis, but marked disturbance of stereognosis and of 
the sense of position. The responses to the cerebellar tests were poor on both 
sides. Twelve days after the operation, the patient complained of a sensation 
»f intense coldness in the right hand and foot. 

During the month of February, when the patient began to move about, it 
was found that she was unable to stand or walk unless supported by the 
shoulders. She threw her legs forward precipitately in attempting to walk. 

On examination a definite muscular hypotonia in the lower extremities was 
noted; the heels could be easily brought in contact with the buttocks. The 
tendon reflexes were normal. The cutaneous plantar reflex was flexor in type 
n both sides. The heel-knee test revealed a severe degree of inco-ordination 

n the right as well as on the left side; her movements were hesitant and she 
could not touch the patella even under visual control. She was incapable of 
following the tibial crest with the heel of the opposite foot. There was also 

complete loss of the sense of position; the patient could not localize the 
position of her toes or of her foot; she could not tell whether or not her knee 
was flexed: on the right side she could not even say if her hip was flexed. She 
complained spontaneously that she ~ lost her legs in the bed.’’ In the upper 
extremities, she did not recognize the position in which her fingers were placed, 
but sensation to heat, cold and pain was conserved. 

During the month of March there was no adiadokokinesis, the ataxia 
liminished and the patient succeeded in walking, though very unsteadily. 

Examination on April 20, 1936.—The patient walked with difficulty, 
holding on to the bed. She walked on her heels. While standing she managed 

keep herself erect and to correct the tendency towards falling backwards, 
hut when her eyes were closed she immediately fell backwards. 

There was a certain degree of contracture in the lower extremities, espe- 
cially on the left side. This could be overcome when the attention of the 
patient was distracted. The reflexes were normal and the cutaneous plantar 
reflex was flexor on both sides. The knee-heel test was ataxic. She could not 
recognize the positions of the toes and of the knee on either side. The patient 
ad regained the sense of position in the fingers, except in the third and fourth 
tingers of the right hand. The examination of the cranial nerves revealed 
nothing worthy of note. 

At present (June, 1936) the patient walks correctly on level ground, but 
still has difficulty in climbing stairs, especially in the dark. 

It is interesting that from April 15 to 20 the patient complained of girdle 


pains around the lower part of the right side of her chest, associated with 
continuous vomiting and marked asthenia. There were no local or meningeal 


symptoms. 

Pathological examination (Dr. Berdet).—_-The neoplastic tissue was com- 
posed of blood-vessels and connective tissue cells. The vessels were capillaries 
with extremely thin walls, formed by an endothelium with long and narrow 
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nuclei. In a few of these capillaries the endothelial wall was surrounded by 
external cellular lining containing nuclei which were round and more 


an 
The capillary network was markedly developed. The vessels 


voluminous. 
were of varying calibre; in places they were very dilated, resembling those of 
splenic tissue. Here and there a few arterioles were present. We have not 
been able to demonstrate conclusively the presence of hamatopoietic elements 
in the lumina of the vessels. 

The intercapillary cells were large and generally round. Some were 
adherent to the vascular walls, but many had disappeared, leaving wide open 
spaces. Others appeared free in these spaces. The protoplasm of the cells 
was filled with lipoids and was vacuolated; their nuclei were pyknotic. 
Owing to poor fixation it was impossible to demonstrate conclusively the 
presence of a reticular network, but the lack of collagen in the capillary wall 
in sections treated by Mallory’s stain, contrasted with the rich network 
obtained by the silver impregnation method, suggests that there existed an 
abundant reticular stroma. 

The tumour was therefore a capillary hamangioblastoma or an angio- 


reticuloma, which had undergone xanthomatous degeneration. 


Commentary.—There can be no doubt that the post-operative ataxia 
was not the result of damage of the left cerebellar lobe. In the first 
place there was no ataxia before operation in spite of the presence of a 
large cyst on the left side of the cerebellum. Secondly, it is well 
known that the removal of cystic tumours of the cerebellar hemispheres 
is generally followed by progressive and often rapid amelioration of the 
cerebellar disorders, and not by aggravation of these disorders. Lastly, 
the nature of the post-operative cerebellar lesion could not explain 
either the bilaterality of the ataxic troubles or the disturbances of the 
deep sensation. 

The post-operative symptoms presented by our patient must have 
resulted from a lesion of the inferior part of the medulla oblongata, 
produced in the course of the removal of the bulbar angioma. This 
lesion can be delimited with considerable precision, as the area of 


insertion of the angioma was small and there was a minimum of local 


operative trauma. The tumour was inserted on the posterior aspect of 


the medulla oblongata, 8 mm. below the point of the calamus; it was 
symmetrically placed in relation to the mid-line, and within a circular 
area whose diameter was smaller than that of a fifty centimes piece. 

A transverse section of the medulla oblongata at this level shows 
clearly (fig. 1) that the area of insertion of the tumour corresponded 
exactly to Goll’s nuclei and to the internal portions of Burdach’s columns 
where they enter their nuclei. It is probable, therefore, that an 
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operative injury in this position was the source of the disturbances of 
sensation which produced the ataxic symptoms. 

This syndrome is rare, but similar or related disturbances may be 
found in the literature. In most instances the lesions were tumours 
of the posterior fossa, particularly hemangioblastomas. Cushing and 
Bailey [1] (obs. 19 and obs. 20) describe two patients with hemangiomas 
in the region of the mid-line who presented, before operation, a definite 
unilateral astereognosis, for which reason operations were mistakenly 
performed on the parietal region. More recently, G. Roussy and G. 
Lévy |6] published a case of a tumour of the medulla oblongata of the 

yyy} 


/ 


Fic. 1.—After Van Gehuchten. Transverse section of the medulla oblongata 1 cm. below 
the point of the calamus scriptorius. The area of insertion of the tumour corresponds to 
Goll’s nucleus and to the internal portion of Burdach’s column, 


polymorphous glioma type, in which there was a so-called cortical 


dissociation of sensation, and in particular astereognosis. This dissocia- 
tion coincided with integrity of superficial sensation and very slight 
motor disturbances. The sensory disorders observed were of a pseudo- 
radicular type, as they were in the right hand of our patient. 

In a patient operated on by Clovis Vincent for an astrocytoma of the 
{th ventricle, removal of the tumour was followed by a very marked 
hyperesthesia to touch and to pain in the whole left lower limb and in 
the left half of the trunk up to the level of the xyphoid process, which 
disappeared in a few days. J. Lereboullet [5] and later Delay [2], in 
their thesis cite seven cases of tumours of the 4th ventricle, in which 


astereognosis was present. In most of these cases the tumour lay in 
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the lower portion of the 4th ventricle and exerted pressure upon the 
lower segment of the medulla oblongata. 

This type of sensory dissociation is even rarer in other lesions of the 
medulla oblongata. We have found in the French literature only two 
observations describing it. In both there was a pronounced ataxia, but 
the tendon reflexes were normal. André Thomas [7] has reported the 
history of a patient who, in addition to Jacksonian syndrome and a 


rotatory nystagmus, had loss of deep sensation on the right side, 


chiefly in the distal part of the upper limb, marked ataxia of the right 
arm, and disorders of temperature and sweating. The reflexes wer 
normal. The nature of the lesion is unknown. 

More recently, R. Froment and R. Masson |4] have recorded an 
ibsolutely identical case with pronounced disturbance of gait, which 
was aggravated by closing the eves; marked inco-ordination of the 
right limbs and a severe degree of loss of deep sensation on the same 
side. The reflexes were normal. 

The authors of these two observations assumed the existence of 
lesions of the spino-thalamic tracts in the medulla oblongata, probably 
in the internal arcuate fibres between the nuclei and the pinniform 


decussation. 

The observation which we record here tends to confirm this hypo- 
thesis, as we have produced by a lesion of the nuclei of Goll and Burdach 
at the lower end of the medulla oblongata, a pure ataxia of the tabetic 


type, without disturbances of the tendon reflexes. 
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CEREBRAL INFECTION WITH SCHISTOSOMA JAPONICUM. 


BY J. G. GREENFIELD AND BLAKE PRITCHARD, 


THE following clinical and pathological data refer to two patients, 
each of whom presented a symptom complex suggesting the presence 
of a cerebral tumour, and in whom operation disclosed a mass in the 
brain identified as a collection of eggs of the Schistosoma japonicum. 


CLINICAL Data (B.P.) 


Case 1.'—A lieutenant in the Royal Navy had the first of a series of 
epileptic attacks in December, 1935, at the age of 30. Four years earlier while 
stationed in Chinese waters he had often taken part in shooting expeditions 
in parts of the country in which the S. japonicum is known to exist. On these 
expeditions he had taken no particular precautions against infection by protect- 
ing his legs when wading through swampy ground. He had at that time an 
attack of diarrhoea lasting about three weeks without any recorded febrile 
disturbance and without any irritative skin rash. He had no reason for 
believing himself to be other than in perfectly good health when the epileptic 
seizures began: in particular he had had no headaches or visual disturbances. 
Neither he nor any relative is known to have suffered earlier from epileptic or 
from migrainous attacks. 

The first attack occurred while at Gibraltar. He had refused an invitation 
to go ashore because he felt unwell and retired to his quarters. He was found 
unconscious, and on recovering had a slight headache. Five days later while 
resting in bed he became aware of a sensation, which he can only remember 
as unpleasant, in both legs and in the lower half of his abdomen. At the same 
time his heart palpitated and he noticed that his field of vision became obscured 
from the periphery up to the fixation point on the right side, with flashes of 
light in this non-seeing field. He then lost consciousness and recovered with 
a severe headache which lasted for two days. <A few days later he had a third 
attack in which he did not lose consciousness and which was limited to the 
above visual phenomena without any headache, sickness or giddiness. 

He was transferred to England, and on one further occasion had an epileptic 
seizure which he attributed to the abnormal position in which he had been 
kept while his skull was being X-rayed. In this attack there were exactly 
similar visual disturbances preceded by palpitations and paresthesiz of both 


' This is the case referred to by Edgar. 
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legs and followed by a moderately severe headache: consciousness was lost on 
this occasion for ten minutes. 

In addition to these spasmodic and transitory attacks certain persistent 
disturbances of behaviour began after the first and increased in severity after 
each of the later seizures. He had difficulty in finding suitable words during 
conversation, a disturbance which he described as a tendency to “ stutter,” 
although he had at no time any difficulty in enunciating correctly the words 
ready to his mind and had misplaced or misused words. He had also some 
difficulty in writing, which showed itself as a tendency to omit words, to 
reduplicate words or to repeat the individual syllables of a single word: he 
thought that some clumsiness in the use of his right hand, although not 
otherwise apparent to him, was partly responsible for this. He complained 
that his mental processes had become © slowed-up,”’ e.g. he could not make the 
simplest arithmetical computation “in his head,’’ but had to set it down on 
paper; even with this help he was quite unable, during the voyage home to 
England in January, to make the simplest calculation necessary to decide how 
long this journey would take and on what day he would arrive. As a navigation 
officer he had always had considerable ability in this way and was much 
perturbed by his mental dullness. On more than one occasion he had come 
into collision with the right-hand side of a doorway through which he was 
walking and he was in other ways also aware of some defect in his recognition 
of things seen and events happening in his right field of vision. Apart from 
those which immediately followed the seizures, he had had no headaches, but 
he had been aware since early in December that the left side of his scalp was 
sore when he brushed his hair. He had noticed no impairment of visual acuity 
with either eye and no vertigo. Hesaid that in spite of the distress occasioned 
by his symptoms and of their threat to his profession, his sleep and his general 
health had remained good. He was eating well and his weight was stationary. 

January 10, 1936.—On examination he was a thin but muscularly well- 
developed man, not presenting obvious evidence of ill-health or loss of flesh. 
His very light hair and facial pallor gave him a “ bleached’’ appearance, but 
no undue pallor of his mucous membranes was detected. His emotional state 
was in every way normal, showing a degree of anxiety appropriate to his 
symptoms. He was alert and his co-operation was willing and excellent. His 
memory was unimpaired. 

Speech: His conversation was fluent: hesitation before certain words was 
evident, but no omission or misplacement of words was noted and he named 
correctly —although in some instances after considerable delay—nearly all the 
common objects which were shown to him: he failed completely only in respect 
of a tape-measure which he described with periphrasis. His ability to under- 
stand what was said to him was invariably ready and accurate. 

Writing: This was slow, but he wrote correctly several simple sentences 
from dictation. He said that the writing so produced was clumsy and ill formed 
in comparison with his habitual script. 

Hearing : There was no defect by air or by bone conduction in either ear. 


Weber’s test was not lateralized. There was no tinnitus. 
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Vision: V.A. Right eye @: left eye $. He noticed occasionally some 
temporary indistinctness of the test type, but could not further particularize 
with regard to this. 

Visual fields: There was a right-sided homonymous defect at the periphery 
affecting the lower more than the upper quadrant. In addition there was an 
absolute, paracentral scotoma reaching to within 5 degrees of the fixation point 
and confined to the lower right quadrant in each eye (vide fig. 1). 


Lert ° 


Fic. 1.—Case 1. Visual fields with 4 mm. white object in daylight. 


Fundus oculi: In each eye the optic dise was unduly pink, the central pit 
was filled in and the veins thick: the disc edges were somewhat ill-defined, but 
no swelling was detected. The pupils were equal and normal in size and 
shape. They reacted briskly on illumination and on convergence. The 
external ocular movements were full in range and deviation was well sustained. 
The palpebral apertures were equal and normal. 

On voluntary grimacing the left side of the face moved a little more 
promptly than did the right, but there was no other apparent asymmetry on 
movement or at rest, and blinking movements of the eyes were symmetrical. 
Movements of the jaw, palate and tongue revealed no weakness, and the 
sensitivity of the face and corneze were normal. 

There was no delay, weakness or clumsiness of the execution of voluntary 
movements with any limb and no alteration in the normal resistance to passive 
movement of the limbs. The tendon reflexes were brisk throughout and were 
symmetrical apart from a slight but significant exaggeration of the right knee 
and ankle jerks. The abdominal reflexes were brisk and equal in all four 
quadrants and the plantar reflexes were flexor. There was no impairment of 
sensibility, either superficial or deep, and in particular no defect in the cortical 


or discriminative aspect of cutaneous and deep sensibility. No irregularity of 
the scalp’ was noticed, but there was an area which was tender to firm pressure 
ust to the left of the midline and vertically just behind the ear. 

Examination of the cerebrospinal fluid by lumbar puncture gave the 
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following results: Initial pressure 200 mm. of fluid with normal oscillations ; 
protein, 0-22 per cent.; cells, 72 per c.mm., 93 per cent. lymphocytes; normal 
sugar and chlorides. 

A radiogram of the skull revealed no bony abnormality. A ventriculogram 
(Mr. Julian Taylor) showed the following appearances: The right ventricle 
was normal, the left ventricle was narrowed and the body and posterior horn 


were displaced forwards; the left temporal horn was not filled. The 3rd 


ventricle was narrowed and displaced slightly to the right. 

These clinical and radiological findings were interpreted as indicating the 
presence of a tumour in the left parieto-occipital area. 

January 20. Operation (by Mr. Julian Taylor). The brain was decom- 
pressed over the supposed site of the tumour. The intracranial pressure was 


not noticeably increased. The superficial veins in the parieto-occipital region 


were dilated and the brain substance beneath them felt unusually firm. A 
friable, yellow tumour mass was removed from just beneath the surface of the 


brain. 

On the day following the operation there was almost complete aphasia, 
considerable weakness of the face on the right side, gross weakness of the right 
arm with complete loss of all movement below the elbow and considerable 
weakness of the right leg. Sensory examination was not carried out. 

Five days after the operation slow weak movements at the wrist and fingers 
had reappeared, and the leg had almost completely recovered. Sensory 
examination showed some impairment of recognition of touch and of the sense 
of position of the fingers in the right hand. 

Histological examination (J.G.G.) of the mass removed at operation showed 
this to be a granuloma containing the eggs of S. japonicum. 

Examination of the blood showed a mild secondary anemia with some 
eosinophilia, that of the stools revealed the presence of a few spine-free ova 
resembling the eggs of S. japonicum and of the urine showed no abnormality 
(these examinations were carried out by Dr. S. R. Gloyne). 

On the advice of Dr. Christopherson intravenous injections of antimony 


tartrate were given daily, from February 6 to March 6, using a total of 


30 grains. 
January 27: 
is afebrile and the scalp wound healing satisfactorily. After two days of 
difticulty in urination, not however necessitating catheterization, normal mictu- 
He is much worried by his aphasia; he does 


Clinical examination one week after operation ; the patient 


rition has been re-established. 
not misuse words, but conversation is often held up for want of some quite 
simple word. His understanding of spoken speech seems prompt and accurate. 
The right-sided hemianopia, complete when first tested three days after the 
operation, has now largely disappeared, but the loss, in the periphery in 
particular, is more extensive. There is definite weakness of the right side of 
the face, the right arm sways unsteadily when held extended and droops 


progressively if the eyes are shut. All movements of the limb are present but 


finger movements are still very clumsy. 
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In the right hand recognition of solid objects is faulty, but the loss not 
gross, i.e. he recognizes a tape-measure as not being the size of an orange and 
as being made of metal. Pin-prick is immediately recognized as are also cold 
objects. Light touches on the'right hand are frequently missed. Localization 
of touches detected is moderately good; reference is usually peripheral when 
localization is defective. The sense of movement of the little finger is good ; 
the sense of position of the little finger is very poor. Two-point discrimination 
s completely absent in the right hand. Vibration is readily recognized in the 
‘ight hand. The right arm is a little spastic; the tendon reflexes are not 
noticeably increased. The abdominal responses are a little impaired on the 
right side. There is a slight clumsiness of independent toe movements of the 
right foot but no delay and no weakness of dorsiflexion of the ankle; there is 
brisk ankle clonus on the right and transitory knee clonus. The right plantar 
response is extensor. There is no impairment of pin-prick over the right foot 
and touches are readily recognized ; there is no impairment of vibration sense. 
The sense of movement of the right great toe is delayed and the sense of position 
very poor. Two-point discrimination is very defective in the right foot. 

April 28‘: He has been in Scotland and walking for up to two hours at a 
stretch. He feels restored completely to normal health, except for his mental 
ability ; he is still very slow in arithmetical calculations. He notices no trace 
of speech difficulty. To-day he ran into a beacon standard on his right side. 
When adding several columns of figures he is apt to wander off into the wrong 
column. The scalp wound is well healed and the growth of hair excellent. 

Motor, sensory and reflex examination of nervous functions yield completely 
normal results with the sole exception of a visual field defect. In the seeing 
parts of the right visual field there is grossly defective visual localization ; all 
objects which he sees when presented in the right inferior quadrant he projects 
into the upper quadrant ; the error in distance with an object ] yard away is 
often 18 in.; objects seen in the right upper quadrant are falsely projected 
nearer to the mid-line, but only for about 6 in. at the same distance. 

He fails in serial subtraction of 7 from 100 and in the addition and sub- 
traction of more than two digits. 

June 9: Feeling perfectly fit. Visual field defect and defective visual 
localization as before; serial subtraction of 7 from 100 accurate after two 
errors had been corrected by him. Addition and subtraction of two-figure 
numbers quite accurate. 

August 22: Physical and mental testing gave completely normal results apart 
from the visual disturbance which is unchanged. Recently he has had three 
attacks of “ dizziness”’ of instantaneous onset and of three minutes duration, 
associated with aphasia but with no headache or loss of consciousness. 

June 15, 1937: He had one attack of the above kind which resulted in loss 
of consciousness for about half an hour. In all other respects he is well and 
the previous findings in his mental and physical state remain unaltered. 


Case 2.—A lieutenant in the Royal Navy, aged 25. This patient was under 
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the care of Dr. Gordon Holmes to whom we are indebted for the following 
notes :— 

While playing cricket on July 4, 1930, he: fell on the back of his head on 
baked mud ; there was no bump, pain, or after-effects, and he went on playing 
Three days later he began to have severe headaches all over the head which 
continued for seven days. After freedom for three or four days the headache 
became much more severe. Since then he has been free for only a few days 
at atime. The headache was described as a throbbing headache all over the 
head, but worse in the left parietal region, and generally most severe on 
waking. 

He had vomited a few times in the early morning during the previous few 
weeks. There was no vertigo, but a “tight” feeling in his head on standing 
up. 

Since the onset of the headache he had noticed from time to time a bright 
yellow spot to the right and probably below the horizontal. This varied and 
sometimes persisted for two weeks. When the bright spot was present he 
found he could not see properly to the right. On examination on August 7, 
1930, a right lower quadrantic hemianopia was discovered. 

For two or three weeks before this he found that he could not estimate the 
relative distances of objects from him; he had difficulty in getting about, missed 
food on his plate, and in writing especially he got words wrong and his lines 
were oblique. 

For five weeks he had made mistakes in dressing, placed arms in the wrong 
sleeves, tried to get the neck instead of the bottom of his shirt over his head, 
and put on his trousers back to front. He could not shave with the right 
hand. 

For six weeks there had been dragging of the right leg in walking, and 
slight difficulty in movement of his right arm. 

His speech was never affected, but for about two months he had been 
unable to read properly, as his eyes did not move correctly over the lines. 
He understood, however, everything which he wrote. In writing his right 
hand would not move correctly, and he frequently had to stop to think out 
some letters. 

On August 7, 1930, a left subtemporal decompression was performed by 
Mr. McConnell, and four days later the left occipital lobe was explored, but 
nothing abnormal was found. 

September 11, 1930: Examination (by Dr. Gordon Holmes): A tall, healthy 
man. Heart and thoracico-abdominal viscera normal. Trephine openings 
were present over the left occipital and the left lower parietal regions. 

Visual acuity: $ right and left. Visual fields: loss in the lower parts of 
the right fields and considerable defect in their upper halves. There was 
evidence of slight disturbance of visual orientation. Intense papilloedema with 
hemorrhages and exudates in both eyes was found. There was no nystagmus. 
The pupils were equal and reacted well. The motor and sensory functions of 
the 5th nerve were normal, and the corneal reflexes equal. Slight supranuclear 
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palsy of the right lower face was found. The palate was elevated in the mid- 
line and the tongue was protruded straight. 

No disturbance of articulation or aphasia could be made out. 

Motor system: There was no wasting of muscles or change in their tone. 
The right arm was weaker than the left, and there was some inco-ordination 
of both right limbs of the sensory type. 

Sensation: Touch and pin-prick were normally appreciated, but there was 
great loss of postural sensation in the right arm, less in the right leg. He did 
not recognize the form of objects in the right hand. The compass test showed 
a defect in the right hand. 

teflexes: The right arm-jerks were brisker than the left, the knee-jerks 
und ankle-jerks were equal, the right abdominal reflex was reduced, both plantar 
reflexes were flexor in type. 

Mentally: He was bright and intelligent, and his memory and attention 
good. There was no evidence of apraxia. 

September 15: Operation by Sir Percy Sargent. A large tumour was found 
and the greater part of it removed from the upper part of the left parieto- 
occipital region. 

November 18: He was examined after being treated in the Hospital for 
Tropical Diseases by Dr. Hamilton Fairley, with tartar emetic. The right arm 
remained weak and the right leg was weaker than before operation, but both 
were improving. 

The loss of vision in the right halves of both fields was greater than before 
operation. There had been no headaches, vomiting or vertigo. There was 
still a hernia and a discharge from the sinus over the operation wound. 

On examination the papilledema had almost subsided. There was 
complete right homonymous hemianopia. Speech was unaffected. Slight 
weakness of the right lower face was noted, and the tongue was protruded to 
the right. 

The right arm was weak and there was still much loss of the sense of 
position and recognition of form in it. 

The reflexes remained unchanged. The gait was almost normal, but he 
oceasionally placed his right foot badly. 

June 24, 1931: Slight discharge still came from the wound. He had no 
headaches and felt very well. He had been fishing and had walked up to four 
miles. The right hand was stronger, but he could not yet feel properly in it. 
The vision had improved. He read and wrote easily, but complained that his 
‘speed of thought’’ was not as good as before operation. 

On examination: The scalp was depressed over the wound. The optic 
dises were normal. There was still right homonymous hemianopia, but he had 
regained vision near the fixation points. His arms and legs were now equally 
strong, but there was some defect of the sense of position, of the recognition of 
form and of discrimination of compass points in his right hand. 

He has not been seen since this date but he is now reported to be leading a 


normal life. 
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PATHOLOGY (J. G. G.) 


The material received from the two cases was so similar that the same 
description, with minor variations, applies to both. 

On naked eye examination it had the colour of brain tissue but was much 
firmer, and on the cut surface numerous small irregularly circular areas 
resembling minute abscesses with caseous contents were seen. The centres of 
these were of a cream colour which in fact did not differ much from that of the 
surrounding tissues. There was no brownish discoloration such as is found in 
infections with fluke worms of the genus parayonimus. The macroscopic 
resemblance to small tubercular lesions was thus very close. (Plate XII. 


fig. 1.) 
On microscopical examination, however, an obvious difference was seen in 


that the centres of the foci stained fairly dark with hematoxylin, though very 
faintly with toluidin and methylene blue. This staining was due to the 
presence of numerous partially degenerated nuclei, many of which were 


pyknotic, and most of which stained to some extent with hzwmatoxylin. 
Numerous ova were found among this degenerated material, both as collections 
of 10 or 20 towards the centre, and as isolated specimens near the edge. 
With hematoxylin and van Gieson staining in paraffin sections they were 
difficult to see, especially those in the centres of the foci, as the faint picric 
stain of the shell was lost among the darker staining of pyknotie nuclei. They 
show up better in sections stained with toluidin or methylene blue, which 
stained the shell faintly and the nuclei within it darkly, leaving the degenerated 
material round the ova unstained (fig. 2). In order to avoid fragmentation and 
undue shrinkage of the ova thick frozen or celloidin sections were chief, 
studied. 

The ova were clearly those of S. yaponicum. They measured in sections 
about 40 to 50 » in width and 60 to 70 in length. The shell was thin, often 
bent or misshapen owing to artefact in cutting and mounting sections which 
were never thick enough to include a complete egg. In some of the most 
perfect specimens a small spicule or blunt process could be seen on the side of 
the egg midway between the centre and the anterior pole. The paired salivary 
glands were clearly seen near the anterior end in many ova and in most a 
variable number of germ cell nuclei were gathered in the centre or towards the 
posterior pole. In Case 1 a few of the ova which lay near the edge of a focus 
were surrounded by a narrow zone with a crenated outer margin which 
appeared to consist of granules and radially arranged spicules which had the 
same staining reactions as red blood corpuscles, but did not show the definite 
outline of these (fig. 3). It seemed likely, however, that they were derived 
from blood as the zone was only seen round ova which lay in the neighbourhood 
of small haemorrhages. 

Some ova near the edge of a focus were surrounded by a fairly wide zone 
of radially arranged fibroblasts and endothelial cells among which a few lympho- 
cytes and histiocytes were present. There was no evidence of necrosis of tissue 
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in this zone (fig. 5). A less regular zone of fibroblastic and endothelial cells 
bordered the caseous centre everywhere, separating it from the wall of collagen 
fibres and inflammatory cells which formed the outermost zone. In the fibro- 
blastic layer a few multinucleated giant cells were seen in some of the foci. 
The nuclei were eccentric, and their shape oval or rounded, and on the whole 
rather more regular than that of tubercular giant cells which they otherwise 
resembled. Occasionally such a giant cell would be seen partially enveloping 
an ovum (fig. 6), but they often appeared to lie at some distance from any ovum. 
They may, of course, have been in contact with ova in a different plane, but as 
serial sections were not made this point could not be established. 

This zone was usually rather sharply delimited by a wide irregular zone of 
collagen fibres which became progressively more infiltrated with lymphocytes 
and plasma cells as it was traced outwards. In some parts plasma cells were 
sO numerous as to outnumber the lymphocytes, and everywhere they formed 
Polymorphonuclear and eosinophil cells were 


a large proportion of the whole. 
This zone contained many 


rare, although occasional examples were seen. 
small blood vessels and an occasional rounded mass of endothelial cells, similar 


to those seen in tubercle nodules (see fig. 5). It passed very gradually into 


more normal brain tissue, but for a considerable distance from any caseous 
focus, all the vessels were very heavily infiltrated with mononuclear cells. 
Here again the great majority of the cells were plasma cells, the remainder 


being lymphocytes and endothelial cells. 
DISCUSSION. 


In these two cases the mode of infection is fairly obvious. Wading 
in paddy fields in infected areas near the banks of rivers is_ the 
commonest means of infection, as the cercarie, swimming in vast 
numbers near the surface of the water, become attached to the skin of 
the legs and gradually work their way through this into the blood- 


vessels of the legs. What is not so clear is the method whereby the 


ova reach the brain. 

In most cases the adult worms lie in copula in the portal veins, and 
the ova are passed by the female, without leaving the male, into the 
smaller mesenteric venules. The parent worms have occasionally been 
found in the liver and the lung, and the discovery of ova, in parts of the 
body other than the alimentary canal and liver, has been attributed to 
embolism from the lungs (Faust). In the only reported case of infection 
of the brain with S. japonicum (Tsunoda and Shimamura) both the 
cortex, the meninges and the basal ganglia were involved, and it was 
assumed that the ova reached the brain by embolism. On the other 
hand in Miiller and Stenders case of bilharzial infection of the lower 
part of the spinal cord, it was considered probable that the eggs were 
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deposited in venules near the spinal cord, or were carried there from the 
veins surrounding the bladder. 

In the present cases it appeared from the symptoms that cerebral 
lesions were limited to the posterior part of the parietal lobes and the 
occipital lobes. The eggs were present in fairly dense clusters in some 
of the foci, suggesting that they were deposited by the female either in 
or near the place where they were found. It is, of course, possible, 
although unlikely, that a very large number of eggs might be carried by 
the blood-stream to one part of the brain, but it seems more probable 
that the adult worms were lying in one of the cerebral venous sinuses, 
probably the lateral sinus. It would be an easy matter for the female 
to pass a certain distance up the posterior anastomotic vein from the 
lateral sinus, and to lay her eggs in the smaller venous radicles entering 
this vein. This assumption is in agreement with the clinical aspects of 
our cases and is not, according to Prof. Leiper (personal communication) 
at variance with the known habits of the parasite, which may be found 
in other veins than those of the portal system. 

No recorded case of S. japonicum is known to have been contracted 
outside of the endemic areas in Japan, China, Formosa and the 
Philippines. In these countries the endemic areas of China are far the 
largest and most heavily infected. Most of the endemic areas lie in the 
Yangtze basin, and in them the incidence of this infection among the 
population averages 7 per cent. In some villages it is as high as 
95 per cent. 

Houghton’s figures from Wuhu General Hospital show that of the 
patients in this hospital known to be infected, in 27 per cent. the disease 
is discovered by laboratory tests in patients admitted for clinical conditions 
not referable to schistosomiasis. 

Since we have in the cases described evidence that this condition 
gives serious signs of cerebral disorder when it affects the brain, it is 
surprising that so far there exists on record only one other authenticated 
case of cerebral involvement. 

This case, described by Tsunoda and Shimamura in 1906, was that 
of a native builder, aged 32, who had suffered from indigestion and 
abdominal pain in 1901. In 1903 he began to have convulsive seizures 
with loss of consciousness followed by aphasia: he also had severe 
headaches and became drowsy. On examination in November, 1903, 
after a series of right-sided Jacksonian convulsions which occurred at 
the rate of two or three each day, he developed a right hemiplegia. 
He died in August, 1904, and at post-mortem was found to have a diffuse 
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thickening of the cerebral meninges with abnormal masses in the left 
parietal region, partly in the grey and partly in the white matter. He 
had also a large zone of softening involving the internal capsule, the 
optic thalamus and the basal ganglia on the left side. No abnormality 
was discovered in the right hemisphere. 

Houghton refers without further data to one patient who had a 
partial hemiplegia and disturbance of speech with a blood eosinophil 
count of 47 per cent. 

It is noteworthy that in the three cases in which the cause of the 
symptoms was verified at operation or at post-mortem, the earliest 
symptom of cerebral involvement was focal epileptic attacks, and in 
each case the masses were found on the left side of the brain. Thus 
the condition conforms with the generalization of Griesiger that para- 
sitic infections of the brain show a strong liability to give rise to 
convulsive seizures. In two cases there was a history of transitory 
abdominal symptoms some years before the onset of cerebral symptoms. 
In both of the cases in which a granuloma was removed by operation 
and in which this was followed by the intravenous injections of antimony, 
the patients made an excellent symptomatic recovery. 


CONCLUSIONS. 

If a patient who is known to have sojourned in a part of the world 
infected with S. japonicum later develops focal epileptic attacks, the 
possibility should be considered that these may be due to a collection 
of the eggs of this parasite in the brain. Findings which would support 
this suggestion are a state of undernourishment with a mild secondary 
anemia and a high eosinophil count in the blood and with a high protein 
and cellular content in the cerebrospinal fluid. Confirmatory evidence 
should be looked for in the stools where the ova were in both of these 
cases detected. The recorded cases, though only three in number, 
suggest that the left hemisphere may prove to be more liable to infection 
than the right. The prognosis with regard to survival and cessation 
of convulsive seizures is good when operative removal of the tumour is 
followed by a course of antimony tartrate. 


SUMMARY. 
(1) A description is given of the history, clinical condition, operation 
and stibsequent progress of two patients suffering from infection of the 


brain with S. japonicum. 
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“ 


(2) In each case the most persistent symptom was a series of focal 
epileptic attacks. 

(3) After operations, at which a mass of granulation tissue contain- 
ing the eggs of the worm was removed, the patients were treated with 
antimony tartrate, and both made an excellent recovery. 

(4) A description and a discussion of the pathological basis of the 


condition is given. 
We should like to thank Professor R. T. Leiper for his help in 
diagnosis and his interest in these cases. 
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LEGENDS FOR PLATE XII. 

Fic. 1.—Case 1. Low power view of lesion showing the grouping of small caseous foci 
surrounded by a zone of inflammatory cells and connective tissue. (Iron hematoxylin— 
van Gieson.) 

Fic. 2.—Case 1 \ group of ova in a caseous area, (Toluidin blue.) 

Fic. 3.—Case 1. An ovum in a small focus. The centre round the ovum is necrotic, 
and the ovum itself is surrounded by a belt of amorphous material. (Iron hematoxylin— 
van Gieson.) 


4.—Case 1. An ovum at the edge of a necrotic focus. Inflammatory cells, chiefly 


FIG. 
more centrally the tissue is semi-necrotic. 


plasma cells, are seen on the edge of the focus; 
(Iron hematoxylin —van Gieson.) 

Fic. 5.—Case 2. An ovum on the edge of a necrotic focus surrounded by radially arranged 
fibroblasts. Two ‘‘ foreign body”’ giant cells are seen near it. A rounded clump of endo- 
thelial cells is seen in the zone of inflammatory cells. 


Fic. 6.—Case 2. An ovum on the edge of a necrotic focus partially enveloped by a foreign 
body giant cell. (Toluidin blue.) 
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Noticus OF RECENT PUBLICATIONS. 


The Diagnosis of Nervous Diseases. By J.Purves-Stewart. London: 
K. Arnold and Co. 1937. Eighth Edition. Pp. 842. Price 35s. 


In this new edition of his popular and useful textbook the author has 
added considerably to the text and in places has modified it, but its general 
plan remains unchanged; it is concerned mainly with the significance and 
interpretation of clinical observations, but the author also succeeds in 
presenting excellent descriptions and pictures of the commoner nervous 
diseases. The eighth edition should be as welcome to the student and 
practitioner as were its predecessors. 


Pavlov and his School. By Y. P. Frotoy. London: Kegan Paul, 
Trench, Triibner and Co. 1937. Pp. 291. Price 12s. 6d. 

This is an excellent account by one of his pupils of Pavlov’s work, and 

particularly of his investigations by means of conditioned reflexes. The 


author presents clearly and concisely the gradual development of Pavlov's 
hypotheses and describes the more critical experiments on which they are 
His book will be therefore interesting and useful to those who have 
not read Pavlov’s own writings, but are anxious to obtain a first-hand 
account of conditioned reflexes and the significance of the theories based on 
their study. The translation appears in excellent English. 


based. 


The Normal Encephalogram. By L. M. Davipvorr and C. G. DykE 
London: Henry Kimpton. Pp. 224 with 149 Illustrations. 
Price 25s. 

The experiences of the authors on which this book is based come from 
about 4,000 cases in which air was introduced into the cranial cavity by the 
lumbar or cisternal route. They emphasize the little risk attached to the 
procedure, but insist that ventriculography is the safer method where 
intracranial pressure is increased. They describe in the first place the 
normal ventricular system as it is made visible by encephalography, then the 
appearances of the cerebral gyri and sulci and of the subarachnoid cisterns, 
and finally indicate how various parts of the brain may be identified in the 
radiograms. The majority of the illustrations are reduced radiograms which 
are excellently reproduced. The volume will be a valuable addition to the 


neurologist’s library. 
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Einfiihrung in die Ventrikulographie. von B. SCHLESINGER. Berlin: 
Urban und Schwarzenberg. 1937. S. 246, mit 146 Abbildungen. 
Price RM. 18. 

This book on the interpretation of ventriculograms in cases of cerebral 
tumour is distinguished by its wealth of illustrations and the fullness and 
clarity of the descriptive text. The majority of the figures are simplified line 
or stippled drawings of radiographs, but many of the latter to which he refers 
are reproduced. The author first describes the main anatomical features of 
the ventricles and other structures of the brain which can be demonstrated by 
injection of air into its cavities, then discusses the pathological factors which 
may deform the ventricles, and deals with the technique of the operation and 
the exposure of films. The complications and risks of the procedure are also 
discussed ; his mortality did not exceed the low figure of 24 per cent. The 
greater part of the volume is, however, devoted to the changes produced by 
tumours in various regions of the brain, which the author illustrates by cases 
collected from the literature as well as from his own practice. The book is an 
admirable contribution to an important subject and will prove invaluable to 
those engaged in it. 

Lehrbuch der Geisteskrankheiten. von O. BuMKE. Miinchen. J. F. 
3ergmann. 1936. 4te Aufl. S. 632. Price RM. 21. 

In the seven years which have elapsed since the last edition of this 
important textbook appeared the outlook and trends of psychiatry have changed 
so much that the author has found it necessary to re-write a large number of 
the chapters, but its plan remains unaltered. The earlier chapters, which deal 
with causal factors and symptomatology, form an admirable introduction to 
the study of the psychoses, and the clinical descriptions and the discussions 
on diagnosis are clear and comprehensive. Considerable emphasis is laid on 
constitutional types and on the mental disturbances due to, or associated 
with, organic cerebral disease. The psychological analysis of disorders and 
symptoms is characterized by a scientific attitude which restrains the author 
from going beyond facts demonstrable by observation. His attitude remains 
antagonistic to the Freudian school, “Ich habe das alles immer fiir schreck- 
lichen Unsinn gehalten.”’ 

Lehrbuch der Psychiatrie. von E. Bleuler. Berlin: J. Springer. 
1937. 6te Aufl. S. 496. Price RM. 18. 


Very little change has been found to be necessary in the latest edition of 
Professor Bleuler’s book which remains one of the most useful and reliable 
textbooks available for the student and practitioner; in fact it is so compre- 
hensive that except for the specialist it will serve as a valuable work of reference. 
A new chapter by Professor Luxenburger on mental eugenics and hereditary 
factors in the psychoses is included. Due significance is given to the various 
types of pathological reactions in both the psychoses and psychoneuroses, and 
the psychological nature of the symptoms is fully discussed in these as well 
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as in the other chapters. The sections on the legal aspects of mental disorders 

in Germany, Austria and Switzerland will be interesting and instructive to 

English readers. 

Image de Sot. Par E. Techehrazi. Paris: Librairie Le Francois. 
1936. Pp. 106. 

Under the stimulus of Professor Lhermitte, the author has undertaken a 
review of the significance in current psychopathology of the ‘ body schema,”’ 
to which Henry Head first drew attention. He is, however, much more 
indebted to Schilder than to Head. He examines in turn the clinical states, 
neurological and psychiatric, in which there is a disturbance of the apprecia- 
tion of one’s own body, and gives an unassuming interpretation, mostly in line 
with Schilder’s, though much less influenced by psycho-analytic notions. 


The Natural History of the Mind. By A. D. Rircutr. London: 
Longmans, Green and Co. 1936. Pp. 280. Price 15s. 

These Tarner lectures, in their revised form, seem to be addressed more 
to the academic psychologist and the philosopher than to the physician, who 
will probably find them barren. The discussion is mainly abstract, and much 
influenced by the ideas of Whitehead. The first three chapters cover the 
broadest biological questions; the next two are taken up with a rather 
elementary account of the functions of the nervous system, especially of 
the brain. The remaining three chapters include a cursory survey of what 
psychology sets out to study, an exposition of the author’s views of sensation, 
perception and cognition, and a discussion of the problem of emotion and 
thought. 

Conduct and Ability. By FRANcEs Banks. London: Methuen 
1936. Pp. 365. Price 10s. 6d. 

Like most textbooks of psychology, this work puts emphasis on the views 
of one or two schools, while aiming at a presentation of the whole field. The 
writer succeeds in combining MecDougall’s hormie doctrine with Spearman’s 
noegenetic theory, and in using this as the framework of a fair conspectus of 
psychology. The psychology of conduct and of knowing and learning are the 
main divisions under which the matter is expounded, an appreciable part of the 
book being given up to an account of methods and practical exercises. 


Surprise and the Psychoanalyst: On the Conjecture and Comprehen- 
sion of Unconscious Processes. By THEODOR ReEIk. London: 
Kegan Paul, Trench, Triibner and Co. 1936. Pp. 287. Price 
12s. 6d. 

Psychoanalysis is sutfering from the qualities which have often seemed to 
be its strength. Its flexibility, its subtle theory, its apparent reliance on 
intuitive, rather than logical, interpretations, and its resistiveness to proof or 
disproof have led to schisms and uncertainties among its supporters, so that it 
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is hard to discover where orthodox Freudian doctrine is now to be found. 

Dr. Reik joins issue with Feniche! and Reich concerning aspects of psycho- 

analytic method and psychology on which analysts were generally supposed to 

be agreed. Apart from these polemical sections he writes about his experience 
with the psychoanalytic procedure, and develops his views about the nature 
of comprehension, conjecture, observation and anticipation. 

L’Astenia Psico-organica, nell’Indirizzo  Individualistico. Del 
GIOVANNI CAPONE. Bologna: L. Cappelli. 1935. Pp. 204. 
Price L.32. 

There is nothing original in this work, but it resumes in a systematic way 
the chief evidence for a relationship between neurotic and somatic anomalies, 
especially of the vegetative apparatus. The author has read widely; in his 
nosological conceptions he has been much influenced by the French school. 
Chapters on psycho-somatic correlations, heredity and constitution, personality, 
emotion and etiology, lead up to detailed sections on the relation between the 
endocrines and psychological medicine generally, the autonomic syndromes 
and psychasthenia; psychotherapy also is briefly considered. 

Infant Speech. By M. M. Lewis. London: Kegan Paul, Trench, 
Triibner and Co. 1936. Pp. 335. Price 12s. 6d. 

This contribution to the development of language during the first two years 
of life is welcome. The writer, who has the advantage of being equipped with 
a knowledge of phonetics as well as of educational psychology and the special 
literature of speech development, has observed carefully a particular child and 
attempted to relate his general behaviour to his behaviour as a speaker and 
listener. Unfortunately no systematic description is offered of the child’s 
concurrent development and a consideration of the persistence of babble into 
the second year and its relationship to conceptual speech would also be of 
interest. The book is, however, carefully written and full of valuable observa- 
tions and theoretical discussion. An exposition of the author’s views on the 
nature of language introduces a section on the beginnings of utterance and 


response to speech; the fundamental processes of babbling and imitation are 
next considered. The acquisition of conventional speech and the approach to 
a conceptual use of words are the subject of the remaining two sections. 


Writers of ‘‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
‘‘Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & CURNOW, Ltd., 83-91, Great Titchfield Street, 
London, W. 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of ‘“ Brain” for the Volumes | to XXIll inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 

To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 
through any bookseller. 
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